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Economy plus reliability — regardless 
of weather conditions — was the com- 
bination demanded by Southern Cali- 
fornia Edison for the circulating water 
pump motors at the 250,000-kw Etiwanda 
Steam Station. And that’s the combina- 
tion delivered by the four Allis-Chalmers 
motors shown above. 

Each of these modern weather-protect- 
ed squirrel-cage motors is rated 900 hp, 
4160 volts, 485 rpm. Smaller motors of 
similar design were supplied by A-C for 
the station’s condensate booster pumps. 


Proved by Special Tests 
The weather-protected design has been 
tested under extreme conditions. Run- 


ALLIS-CHALMERS > 


Low-cost outdoor installation 
plus dependable operation 


under all weather conditions 


ning at normal speed and voltage, motors 
of this type were deluged with water at 
rates up to 40 inches per hour — driven 
by winds up to 75 miles per hour. This 
was done repeatedly from all angles, but 
on inspection no moisture was detected 
on the windings. And other tests checked 
effectiveness in keeping out wind-driven 
fine sand — a serious threat at this west 
coast installation. 


Movie and Bulletin Available 
See how A-C test-proved these motors. 
Ask your A-C representative to show 
you the 12-minute movie The Sky is the 
Roof. Or write for Bulletin 05B7874. 


Allis-Chalmers, Milwaukee 1, Wisconsin. 
A-4176 


ELECTRICAL ENGINEERING 


Registered United States Patent Office 


a ; ; 


: The Cover: Experimental 3-dimensional radar, a part of the Volscan air traffic control system developed 
D £ c E M B ER by B. F. Greene, Air Force Cambridge Research Center, which also includes electronic tracking and com- 
‘ L puting equipment. The antenna on the left is the scanning or search antenna; the central and right antennas 

| 9 5 3 are for height finding. With this complex, Volscan determines height, range, and azimuth. ‘These data 
then are fed into the control system itself. 
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GIVE PERMANENT 
Cathodic Protection 


There can be no doubt as to the effectiveness of cathodic protec- 
tion in today’s fight against corrosion of buried or submerged 
metal structures. But how permanent is the protective system 
itself? Impressed current systems, using ‘’National’’ graphite 
ground anodes, give more positive, flexible, trouble-free and 
lasting protection than any other type. 


MANY “NATIONAL” GROUND-ROD INSTALLATIONS 
ARE 20 YEARS OLD AND STILL GOING STRONG! Put in 
“National” ground anodes and they’re there to stay. One look at 
the rectifier gives you top-side evidence that they’re working — 
how much current they’re discharging and at what voltage. 
Consult National Carbon Company or one of the many engineer- 
ing firms specializing in corrosion prevention. Discover this 
modern way to combat one of industry’s most costly enemies, 


The term ‘‘ National” is a registered trade-mark 
of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N. Y. 
District Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 
IN CANADA; National Carbon Limited, Montreal, Toronto, Winnipeg 


OTHER NATIONAL CARBON propucts Pay 
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-HIGHLIGHTS........ 


Institute Meetings. With 92 sessions 
scheduled thus far, this year’s Winter 
General Meeting in New York, N. Y., 
promises to be the biggest and best ever. 
As in the past, a number of interesting 
inspection trips and a complete social 
program are being planned also (pages 
1114-15). Another coming meeting of 
special interest is the Computer Conference 
in Washington, D. C., of which the AIEE 
will be a joint sponsor. ‘Information 
Processing Systems” will be its theme 
(pages 1126-7). Recently held meetings re- 
ported in this issue include the Fall General 
Meeting in Kansas City, Mo., (pages 
7775-79); the sixth annual Conference on 
Machine Tools in Cleveland, Ohio (page 
7126); the Aircraft Technical Conference 
in Seattle, Wash., (pages 7779-20); and the 
Conference on Air-Moving Equipment in 
Fort Wayne, Ind. (page 7723). 


AIEE Milestone. With the assumption 
in October of full Section status by the 
former New Hampshire Subsection of the 
Boston Section, the AIEE officially recog- 
nized the organization of its 100th Section. 
The Susquehanna Section recently became 
the 99th (page 7725). 


Atomic Power in Ohio. Technically 
atomic power is here, but atomic power 
that can compete in the market place is 
another matter. This is particularly true 
of an area like Ohio because of its favorable 
location with respect to ample and eco- 
nomical supplies of coal. Because of the 
almost bewildering number of possibilities 
in power reactor design, it will be necessary 
to build and operate a number of reason- 
ably full-scale reactor systems before the 
advantages and disadvantages of each 
type can be determined. ‘This too will 
make possible engineering-economic 
evaluations which may lead to practical 
atomic power (pages 1047-57). 
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Stereophonic Recording Equipment. In 
the search for more natural reproduction 
of recorded speech and music, engineers 


have been experimenting for nearly 20° 


years with auditory perspective. One 
of the latest developments is described 
(pages 1053-6). 


Role of Thermal Overload Relays and 
Molded-Case Breakers in Appliance 
Protection. Appliance motors must be 
protected against overheating due to 
running overloads or stalled-rotor condi- 
tion to avoid fire hazards. Thermal over- 
load relays of the bimetal or solder-film 
type are available which provide satis- 
factory motor protection. Molded-case air 
circuit breakers of the domestic or industrial 
type provide adequate protection for the 
motor branch circuits against damage 
due to short circuits (pages 1056-60). 


Forced-Air Cooling of Power Trans- 
formers. ‘The various methods of forced- 
air cooling of power transformers which 
have been used are reviewed. A complete 
description of modern methods is given 
which includes equipment, operation, and 
control (pages 1077-5). 


Noise and Crosstalk Control on Ni 
Carrier Systems. ‘The sources of noise 
and crosstalk on N77 cable-carrier circuits 
are outlined, and the design features and 
engineering measures used to limit the 
interference are discussed. A high grade 
of transmission performance has been 
achieved without the elaborate and costly 
treatment of cable plant necessary with 
earlier types of cable-carrier systems 
(pages 1075-80). 


Transformer Design for Resistance Weld- 
ing Machines. ‘The basis of transformer 
ratings and factors affecting the design 
are discussed together with factors which 
should be of primary interest to power 
companies and users of welding equipment 
(pages 1088-93). 


Mine-Trailing Cables. The five chief 
types of construction are discussed as well 
as the four major causes of damage and 
maintenance suggestions (pages 7067-5). 


A Limiter Analyzed as a Variable-Gain 
Device. A method of determining the 
output spectrum of the amplitude limiter 
is described which also can be used to 
ascertain the side-band spectrum of the 
angle-modulation component of a signal. 
Two examples are included: a 2-tone 
input signal, and the common limiter 
diversity system. ‘The latter is shown to 
degrade appreciably the signal-to-noise 


Bimonthly Publications 


The bimonthly publications, Communica- 
tion and Electronics, Applications and Industry, 
and Power Apparatus and Systems, contain 
the formally reviewed and approved 
numbered papers presented at General 
and District meetings and conferences. 
The publications are on an annual sub- 
scription basis. In consideration of pay- 
ment of dues, members (exclusive of Stu- 
dent members) may receive one of the 
three publications; additional publications 
are offered to members at an annual sub- 
scription price of $2.50 each. ‘The publica- 
tions also are available to Student mem- 
bers at the annual subscription rate of 
$2.50 each. Nonmembers may subscribe 
on an advance annual subscription basis of 
$5.00 each (plus 50 cents for foreign postage 
payable in advance in New York ex- 


change). Single copies, when available, 
are $1.00 each. Discounts are allowed to 
libraries, publishers, and _ subscription 
agencies. 


ratio when the diversity input signals are 
approximately equal in amplitude (pages 
7106-09). 


System Grounding in Industrial Plants. 
Many of the failures on ungrounded 
electric systems can be traced to over- 
voltages. System grounding will eliminate 
these failures and permit more economical 
operation of the system (pages 7098-7703). 


Economic Factors of Small-Capacity 
Hydroelectric Stations. Simplified auto- 
matic hydroelectric plant design offers 
new economic considerations for electric 
generation. Operating experience has 
indicated that induction generator hydro- 
electric plants are reliable and have many 
advantages (pages 7083-S). 


Frequency and Fluorescent Lamps. The 
preferable frequency for operating fluo- 
rescent lamps should be chosen after con- 
sidering the lamp characteristics, acoustics, 
equipment weight, and other factors. 
Why the optimum frequency for this type 
of lamp lies between 3,000 and 10,000 
cycles is shown (pages 7066-70). 


Membership in the eee 


Institute of Electrical Engineers, 
including a subscription to this 
publication, is open to most elec- 
trical engineers. 


Complete in- 
formation as to the membership 
grades, qualifications, and fees 
may be obtained from Mr. H. H. 
Henline, Secretary, 33 West 39th 
Street, New York 18, N. Y. 
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SILECTRON CORES.. BIG or LITTLE 


_.any quantity and any size 
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For users operating on government schedules, Arnold is now produc- 
ing C-Cores wound from %4, 1%, 1, 2, 4 and 12-mil Silectron strip. 
The ultra-thin oriented silicon steel strip is rolled to exacting toler- 
ances in our own plant on precision cold-reducing equipment of the 
most modern type. Winding of cores, processing of butt joints, etc. 
are carefully controlled, assuring the lowest possible core losses, and 
freedom from short-circuiting of the laminations. 

We can offer prompt delivery in production quantities—and size is 
no object, from a fraction of an ounce to C-Cores of 200 pounds or more. 
Rigid standard tests—and special electrical tests where required—give 


you assurance of the highest quality in all gauges. @ Your inquiries 
are invited. 
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Atomic Power in Ohio 
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SPORN 


FELLOW AIEE 


INCE August 6, 1945, when the atom first burst on 
the world’s consciousness with the bomb which 
rocked Hiroshima, the State of Ohio has contributed 

enormously to the development of the atom. Up to now, 
most of that development has had for its object a strengthen- 
ing of our defenses. That continues to be of paramount 
importance. Yet we also continue to hope that the atom 
will justify the sweat and toil that have been invested in it 


_ by leading to useful and significant peacetime applications 


- for the benefit of the people of this state and nation, and 


the world. Before getting into a discussion of the prospects 


_ for-realizing that hope, you may be interested in a brief 


review of what work Ohio has done on the atom. 


OHIO’S ROLE IN THE ATOMIC PROGRAM 


A” oF rou have heard of the Portsmouth Area Project 
now being erected by the Atomic Energy Commission 
in Pike County; you have heard of the 1,000,000-kw 
Kyger Creek steam electric plant being built in Gallia 
County to supply a part of the power requirements at 
Portsmouth. It is not so well known that there are a 
good many other operations in the atomic program that 
also are located in Ohio. There is, for example, the 
Mound Laboratory at Miamisburg in Montgomery County, 
where highly classified developmental work having to do 
with radioactive processes is going on. There is the 
Feed Materials Production Center at Fernald, west of 
Cincinnati, where the raw materials needed in the pro- 
duction of more concentrated fissionable material are 
processed. There is also the project at the Evendale 
Plant of the General Electric Company at Lockland, where 
work on design and development of a reactor for aircraft 
propulsion by nuclear power has been going on with 
increasing momentum. 

Many of Ohio’s leading industrial and engineering 
organizations have participated over the past half-dozen 
years in atom development. I mentioned the General 
Electric Company. I might mention, too, the Babcock 
and Wilcox Company, The Austin Company, and the 
H. K. Ferguson Company among others. Ohio’s educa- 
tional and research institutions also are playing a note- 
worthy part. Case Institute is carrying on classified work 
on a number of problems. That institute, Ohio State 
University, and the University of Cincinnati are among 
the group of midwestern universities which, with the 
University of Chicago, are acting as the contractor for 
the Atomic Energy Commission in the operation of the 
Argonne National Laboratory, in Cook County, Ill. 

The electric power companies of Ohio for years have 


Full text of an address presented to the 60th annual meeting of the Ohio Chamber 
of Commerce, Columbus, Ohio, October 22, 1953. 

Philip Sporn is president of the American Gas and Electric Company, New York, 
N.Y. 
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contributed to the supply of power to the Atomic Energy 
Commission. By co-ordinating their operations they have 
been able to supply large quantities of electric energy to 
installations of the Atomic Energy Commission where 
fissionable material was produced before permanent power 
facilities were completed. See Figure 1. 

However, essential as this power supply has been, it is 
overshadowed by the obligation that the 15 power companies 
in the Ohio Valley area—seven of them companies serving 
the State of Ohio—undertook on October 15, 1952, to fur- 
nish the éntire requirements of the Atomic Energy Com- 
mission’s Portsmouth Project. They have contracted to 
deliver 1,800,000 kw and 15 billion kilowatt-hours per 
year to this new diffusion plant of the Commission. This 
is the largest contract for power entered into by a single 
customer in the history of the electrical utility industry. 
It is almost two-thirds of all the power used in 1952 in 
this great state, with its population of over 8,000,000 and 
its vast complex of industrial activities. See Figure 2. 
It is in connection with this undertaking that the 
1,000,000-kw Kyger Creek power plant is being built in 
Gallia County. That plant will cost about $145,000,000; 
together with a companion plant, Clifty Creek, under 
construction in Jefferson County, Ind., and with the inter- 
connecting 330,000-volt transmission facilities, this will 
bring the total expenditures for the Portsmouth project for 
power supply alone up to $400,000,000. 

Ohio, you can see, is very heavily involved in the atomic 
program. Many of its communities, thousands of its 
citizens, and close to $2 billions of capital—a substantial 


Figure 1. A view 
of the Sporn- 
Muskingum 330,- 
000-volt transmis- 
sion line now in 
actual operation at 
that voltage 


1047 


Figure 2. The Ohio Power Company plant at Philo which generated 2!/, of the 23 billion 
kilowatt-hours of electric energy sold in Ohio during 1952 


part of it private capital—are dedicated to work on the 
atom in this state. As we get to know more about nuclear 
forces, and how to utilize their vast powers more effectively, 
Ohio certainly will continue to play a prominent part in 
that development and growth. 


THE ROLE OF THE ATOM IN DEFENSE 


O DATE the benefits of the atom have been largely 

defense benefits. Most of the effort has gone into 
producing fissionable materials like Uranium 235 or 
plutonium, and devices that exploit fissionable materials 
in weapons like the atomic bomb, or atomic shells, or the 
hydrogen bomb. While it is a pity that we have had to 
concentrate on arms, nobody would suggest today that 
it would be safe for us to slow the development and im- 
provement of our atomic weapons. Atomic bombs may 
have an unpleasant sound, but we need them to help 
protect us against those who otherwise might be tempted 
to destroy us. The atomic bombs that we are producing, 
and to which Ohio is contributing so much, are perhaps 
the greatest single deterrent to our being overwhelmed by 
the world-wide communist menace. 


PEACETIME PROSPECTS FOR NUCLEAR ENERGY 


Ws WE TURN to the _ prospects peacetime 
use, Our major attention is directed immediately 
to nuclear energy as a new source of power. In pur- 
suance of that interest it is natural and healthy to project 
our thoughts and our hopes into a future when this source 
of energy will have been so developed that it can take its 
place beside and perhaps even be more economical than 
the conventional forms, that is, those based on hydro or on 
fossil fuels—gas, oil, and coal. 

Such a prospect is certain to excite the imagination of 


for 
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the people of this state 
with its constantly expanding 
economy—an economy that 
already uses almost two- 
thirds as much electric power 
as all of France, a nation 
with five times Ohio’s popula- 
tion. Any development that 
can assure the availability of 
virtually unlimited amounts 
of energy and which would 
promise a more economical 
use of it is of vital interest to 
every inhabitant of the state. 

Yet if we are to under- 
stand thesignificance of atomic 
power we must try to evalu- 
ate the prospects in practical 
terms. We must try to meas- 
ure these prospects on some 
quantitative basis. Ifwe are 
to answer the question of 
just how Ohio will benefit 
from atomic energy and its 
possible development in the 
near future, we must approach 
the question from the standpoint of first observing how the 
state has fared in the development of existing power 
resources and what its prospects are in this respect apart 
from atomic energy. 


> ae 
hs tn 


a & 
j 
wt L | 


a * 


by 


od 


ELECTRIC POWER DEVELOPMENT 


Shas UnirTep States has been in the forefront of electric 
power development for a long period. After all— 
thanks to the genius of a native of Ohio, Thomas Edison— 
electric power was born as an industry in this country 
nearly 75 years ago. . One of the hazards of leadership is 
the tendency to grow complacent, to let younger, more 
vigorous competitors pull ahead while the original leader 
coasts on his earlier successes. We are fortunate in that 
no such complacency has developed in the electric power 
industry in this country. Evidence of our enterprise in 
this respect is apparent from many sources and nowhere 
better than from an examination of the world-wide expan- 
sion in electric power production that has taken place in 
the period 1940-1952. Canada’s production expanded 
106 per cent, France’s 114 per cent, that of the United 
Kingdom 117 per cent, and that of Soviet Russia, with all 
its series of 5-year plans, 150 per cent. In the same 
interval the United States increased its power production 
180 per cent. In the same interval the expansion in the 
electric energy production in the State of Ohio has pro- 
ceeded at an even more rapid rate than the national 
average. Comparison of the figures of per capita energy 
production yields striking results. All the following data 
are expressed in round numbers. In 1952 the per capita 
sales in the United States asa whole were 2,200 kilowatt- 
hours, based upon sales of 340 billion kilowatt-hours, to 
a population of 157,000,000. If you examine the corre- 
sponding figures for six states, which are logically com- 
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parable with Ohio, you find Massachusetts with 1,500, 


_ New York 2,100, Illinois 2,200, Michigan and Indiana 


2,300, Pennsylvania 2,600, and Ohio 2,900. Ohio thus 
stands out with a per capita energy use one-third above the 
national average; almost one-third above such great 
states as Illinois, Indiana, and Michigan, and significantly 
above all the other important sister states I have listed. 
See Figures 3 and 4. 

The source of this energy used in Ohio is also significant. 
Small quantities are generated by hydro plants or from 
utilization of oil and gas, but these quantities are negligible. 
Ohio is in a singularly favorable location with relation to 
coal resources and nearly 99 per cent of its total require- 
ments of electric energy are generated from coal. It is 
itself one of the great coal-producing states, having had 
an average output of close to 35,000,000 tons annually 
during the last 12 years. See Figure 5. With its borders 
on Pennsylvania, West Virginia, and Kentucky, Ohio is 
practically in the heart of the great Eastern Coal Prov- 
ince which at present produces about 85 per cent of all 
the bituminous coal mined in the United States. See 
Figure 6. As long as there are adequate coal re- 
serves within the Eastern Coal Province, Ohio can 
look forward to an ever-expanding use of energy with- 


- out going beyond the resources of its own mines and 


those of neighboring states. There is no agreement even 
among geologic experts as to what these reserves are. 
But it is well to note that disagreement is as to whether 
the reserves are adequate for the next 2,000 years or only 
for the next 300 years. If recent judgment has veered 
toward the lower figure, at least there is no disagreement 
that in this region reserves adequate for the next several 
hundred years are available and have been proved. 
Other parts of the world, of course, are not so well 
situated with respect to conventional fuels. Indeed, even 
parts of this country—which in the main has been favored 
thus far with fairly well distributed, relatively plentiful 
sources of economical energy—will begin to face ma- 


Figure 3. A 200,000-kw steam-electric generating unit under 

construction at The Ohio Power Company’s new Muskingum 

River plant near Relief, Ohio, where a thermal efficiency of close 
to 38 per cent will be reached 
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Figure 4. Tapping a heat of steel from The Timken Roller 
Bearing Company’s 100-ton electric furnace at Canton, Ohio 


terially increasing costs in coming decades as the best 
deposits of fossil fuels are exhausted. In short, because 
of this state’s situation with respect to coal, it is not likely 
to benefit from atomic power as soon as other parts of the 
world or other parts of this country which are not so 
ideally located with respect to conventional sources of 
energy. 


STATUS OF ENERGY PRODUCTION BY ATOMIC FUEL 


base HAS BEEN a great deal of talk about atomic 
power in the last several months. One hardly can 
pick up a copy of the daily paper without finding an 
article or a report of a speech about it. The Joint Com- 
mittee on Atomic Energy of the Congress held extensive 
hearings on the subject during the last summer and pub- 
lished a full account of these hearings. ‘The object of the 
hearings was to determine what the facts were with regard 
to the possibilities of developing atomic power, what the 
various sections of our society thought about the problem, 
and, particularly, what private industry might be able to 
do to develop atomic power and bring about its peacetime 
use. These hearings make rather clear that commercial 
atomic power is not just around the corner and that very 
hard and very expensive time-consuming work remains 
to be done before commercial power can be a reality. 
Now, it is important to avoid any confusion about the 
technical feasibility of atomic power. Atomic power in 
that sense is here: that is, we can produce power from the 
fissioning of atomic material, such as the material that will 
be produced in the Portsmouth Area Project when it 
starts operating in about a year or so. Technically this 
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Figure 5. 


already has been accomplished. A reactor adequate to 
drive an advanced design submarine which is well along 
toward completion, the USS Nautilus, has been built and 
is operating experimentally at the National Reactor 
Testing Station at Arco, Idaho. The keel of a second 
submarine, the USS Sea Wolf, has been laid and it, too, 
will be driven by an atomic power plant of a somewhat 
different design than that which will power the USS 
Nautilus. Other reactors for the propulsion of naval war 
vessels are in process of development. And any one of 
these reactors could be put to work to generate power for 
peacetime use in the home, on the farm, and in industry 
in Ohio—except for one thing, the item of economics. 
The Chairman of the Atomic Energy Commission put 
the matter very succinctly in his remarks a few weeks ago: 


“Power reactors have been built and they work. Before 
another year rolls around, the USS Nautilus, our first 
atomic submarine and the first mobile atomic power plant, 
will have had her trial runs and will be in the list of operat- 
ing Naval units. She will shortly be followed off the ways 
by the USS Sea Wolf.” 


Chairman Strauss then added this important quali- 
fication: 


“The Naval atomic energy units do not have to meet 
present competition with diesel fuels, of course, because 
of other great tactical advantages of atomic power plants. 
These include the ability to operate submerged for long 
intervals, and to cruise at speed for many thousands of 
miles without refueling. On the other hand civilian 
atomic power must justify itself by being competitive in 
cost with present power sources.” 
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The Hanna Coal Company’s Georgetown preparation plant at Georgetown, Ohio 


So we see that while atomic power has been proved, 
atomic power that can take its position in the market 
place and meet the test of competition with other forms of 
energy is another matter. While it is not likely to be here 
for some time to come, that does not mean that a great 
deal of work is not going on to help develop it. Research 
and development looking toward that end is proceeding 
at many of the National Laboratories: Brookhaven, 
Knolls, Oak Ridge, Argonne, and at locations like Bettis 
Field and the National Reactor Testing Station at Arco, 
Idaho. A number of impressive foreign projects are under 
way: In England and in Norway reactors are in process 
of construction having as their objective the development 
of atomic power for land or peacetime use. And the last 
session of Congress authorized the Atomic Energy Com- 
mission to spend up to $7,000,000 appropriated for research 
and development for the beginning of construction of a 
land-based reactor for ordinary electric power production. 
However, no one who is familiar with power reactor 
technology believes that this reactor, or any other first 
reactor, would be able to produce electric power that 
approaches in cost power produced by more conventional 
means—in Ohio that means burning coal. 

Why is this so? Very simply: There are still a great 
many technical problems to be solved in reactor design, 
in reactor vessels, that is, the shells or drums housing the 
reactors, in design of atomic fuel elements, heat transfer 
systems, fuel element life, fuel reprocessing, valving, 
controls—the list could be greatly extended—before we 
can bring the cost of reactors and atomic fuel down to the 
point where the energy they produce is competitive with 
conventionally produced electric power. I should re- 
emphasize that this is especially true in an area of abundant 
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and economical coal supply like Ohio. In a good many 
parts of this state it may be a long time, perhaps decades 
or more, before atomic power is competitive with coal- 
produced electric power. 

In attempting to solve many of the still unsolved prob- 
lems we find that there is simply a bewildering number of 
possibilities in reactor design, each of which can produce 
the same technical results but with different economic 
advantages. The attractiveness of each, and the economic 
evaluation of the positive and the negative features, are 
probably impossible of assessment until actual systems 
have been built and operated. The solution of the main 
technical problems which confront us probably will not be 
achieved except in the process of building and operating 
actual reactor systems. 


PREDICTIONS ABOUT THE IMMEDIATE FUTURE 


Pees ee the building of nuclear reactor systems 
is a very expensive operation. However, we now have 
reached a stage of development where it appears probable 
that within a fairly short time this country will be well 
along on the way to building one or more of such test 
reactors designed to produce electric power. When the 
time for building these comes, I believe that the power 
companies in Ohio, and The Ohio Power Company in 
particular, will take their place and contribute their share 
to help solve these problems and help develop these proto- 
type reactors. 

In our own case, we always have felt that, as an electrical 
utility, serving some 540 communities in this state, we have 
a responsibility for everything having to do with the 
production and distribution of power and in the improve- 
ment of the art relating thereto. And so we are nct only 
deeply interested in this subject, but we are prepared to 
devote currently a substantial amount of money and 
talent to developmental work in the field. Just within 
the past few weeks, an announcement was made of the 
formation of a new 5-company industrial study team 
known as Nuclear Power Group which has been approved 
by the United States Atomic Energy Commission. Ameri- 
can Gas and Electric Service Corporation, the engineering 


Figure 6. Dragline with a 35-yard bucket in operation at the 
Powhatan, Ohio, mining operation of the Powhatan Mining 
Company, a subsidiary of The North American Coal Company 
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and service organization of The Ohio Power Company, is | 


one of the five companies comprising this group. The 
initial objective of the new group is to select a reactor 
design intended primarily for the production of electric 
power that can be built in the near future, and to make a 
preliminary economic appraisal of such a design. 

For the immediate future, therefore, I feel that our 


contribution should, and will, be on a scale appropriate | 
for research and developmental undertaking, which doubt- — 


less will include moderate experimental projects. In 
this research and developmental work, in which, as I have 
indicated, we already are taking part in considerable 
measure and which will expand as time goes on, we expect 


to continue to collaborate with other concerns from our | 


own industry in this and other states and with other 
industries and with the Government. This work is all 


part of a program out of which, some day, commercial | 


development of electric power based upon atomic energy 


may open up and, therefore, development by private | 


enterprise. When that time comes I believe that you will 
find that we and others in this state will be in the forefront 
of such activities. 


OHIO’S POSITION WITH RESPECT TO ENERGY 


ip THE MEANWHILE, what might Ohio do to assure | 
to energy availability and | 


its position with respect 
expansion for old and new uses? 


to attempt it before a group such as this. But when 
I consider those here assembled tonight, all of us con- 
cerned with the welfare of this state, and all of us tied 
together by a common concern for its further progress, 
prosperity, and well-being, I think we can look at the basic 


policies affecting energy supply followed in Ohio with | 


considerable satisfaction. It must be that these policies 
have contributed tellingly to the outstanding position that 
Ohio occupies today, power and energy-wise, in this 
nation and in the world. 


The policy of support and help for the coal mining © 


activities, proper support and fair regulation of the utilities, 
support and expansion of the state’s educational institu- 
tions where the technicians and leaders of existing and 
new technologies will have to be educated and trained, all 
of these policies have brought about Ohio’s present en- 
viable. position. It is only reasonable to expect that a 
continuation and improvement of these same policies will 
assure the availability of materials, manpower, and capital 
to carry on the important task of energy supply with existing 
technologies. While actively supporting programs of 
expanding and improving existing power systems and 
technologies we cannot stand still but to do our job well 
we also—to paraphrase the President of the United States 
in his recent Atlantic City speech—must try to reduce 
the titanic force of the atom to the fruitful service of man- 
kind. Such a policy and program will give assurance that 
when the time comes that atomic energy has developed and 
can be put to work beneficially it, too, will be available 
without loss of critical time to function creatively in the 
interest of all the people throughout the length and breadth 
of Ohio. 
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This question is not — 
only difficult to answer, but perhaps it would be rash of me | 


Numerical Solutions for Temperature Fields 


in Electric Coils 


Pad.ocS CHNETDER 


HE MAXIMUM PERMISSIBLE electric loading 

of a coil is restricted by the allowable temperature 
rise in the coil cross section. In order to establish this peak 
loading, the designer must compute the maximum tempera- 
ture or general temperature distribution that is peculiar 
to each new cross-section profile under design loading. 
A technique for computing these general temperature 
fields ¢(x,y) which combines simplicity with both flexibility 
and accuracy is the numerical-relaxation method of 
Emmons and Southwell. 

A toroidal coil made up of many turns of fine insulated 
wire is first replaced by a mathematical model having a 
homogeneous profile area as in Figure 1. This general 
profile carrying constant electric current develops Joulean 
heat Q=Q(#) which varies with steady local profile 
temperature ¢(x,y) in accordance with the variation in 
electrical resistivity with ¢(x,y). The thermal conductivity 
of the coil material is assumed to be independent of 
t(x,y) as some uniform value k. All generated heat conducted 
to the profile boundary is dissipated to an ambient medium 
of uniform temperature ¢,, where the boundary thermal 
conductance is to be identified with a constant boundary 
film coefficient h,. The subdivided profile next is replaced 
by a network of fictitious heat-conducting rods (Figure 1) 
each of appropriate thermal conductance K. ‘The heat 
flow in each of these rods is expressed by Fourier’s 1- 
dimensional conduction equation in finite-difference form 
as Aq=KAt=ka/l, At, wherein a is the area normal to the 
assumed heat-flow path, and / is the linear length of this 
conducting path. If boundary temperatures are un- 
known, then additional conducting rods are placed in the 
boundary and the heat loss from each boundary rod ex- 
pressed by Newton’s equation as Ag= KAt=h,AAt, wherein 
A is the boundary area between two boundary nodes. 
Then the steady heat conducted into a general nodal 
point 7 from all adjacent nodal points j (namely; 7=1, 
j=2, 3, 4, 5), together with the Joulean heat generated 
at 7 is given by 


Vi = Qt D544 = we DK 
J j 


Figure 1. Network of 
heat-conducting rods 
for numerical solution 


t = t(x,y) 
Q, = Qit) 
k, = kit) 
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wherein K,=K,_,=k,(a/l),—, for an internal conductance, 
and K,=(h,A), for a boundary conductance, and where 
t,=t,—t, In general, for a subdivided region of n nodal 


points 


(1) 


anne + > (7) (ht) 


r 


In the steady state all q’,; must be zero. All ¢, and ¢, that 
satisfy the set of simultaneous linear residual equations 1 
with q’,;=0 can be determined rapidly by the well-known 
relaxation method of Southwell. 

Temperature data for a toroidal coil of square profile 
are available from electric-coil experiments by Rogowski 
and Vieweg. The isothermal boundary temperature for 
this coil was recorded by the authors as 76.1 degrees centi- 
grade, and the peak profile temperature was recorded as 
122.4 degrees centigrade. An approximate numerical 
solution for this coil based on an equivalent constant thermal 
conductivity and Joulean heat development taken as a 
linear function of local temperature gives a peak tempera- 
ture of 122.0 degrees centigrade to the nearest 1/2 degree. 
This is in substantial agreement with the experimentally 
measured value of 122.4 degrees centigrade. 

A second numerical solution for a coil of solid circular 
profile with unknown isothermal boundary is shown to 
be in close agreement with corresponding exact tempera- 
tures computed from an exact analytical solution. 

Exact analytical solutions for t(x,y) are generally awk- 
ward to evaluate numerically, particularly when such 
solutions (if available) are designed to encompass the 
effects of nonuniform heat generation and thermal con- 
ductivity and unknown boundary temperatures. More- 
over, these exact solutions become mathematically in- 
tractable if the profile is not of simple regular shape. On 
the other hand, approximate numerical solutions are 
general enough to encompass all of these effects without 
a substantial loss in simplicity. 


Digest of paper 53-352, ‘“Temperature Fields in Electric Coils—Numerical Solutions,” 
recommended by the AIEE Committee on Basic Sciences and approved by the AIEE 
Committee on Technical Operations for presentation at the AIEE Pacific General 
Meeting, Vancouver, British Columbia, Canada, September 1-4, 1953. Scheduled 
for publication in ATEE Transactions, volume 72, 1953. 


P. J. Schneider is with the State University of Iowa, Iowa City, Iowa, 
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_ Stereophonic Recording Equipment 
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T WILL be noted that the title of this article contains 
Tine adjective “‘stereophonic” instead of the more com- 

monly used “binaural.” For a clearer understanding 
of why this word was chosen, perhaps a momentary lexical 
detour is in order. 

“Binaural” is defined in ‘Websters’ Unabridged Diction- 
ary” as “Having or relating 
to two ears; involving the 
use of both ears.” This, then, 
is purely a subjective term 
relating to one’s inner-self. 
*““Stereophonic” may be de- 
fined as “Giving a 3-dimen- 
sional effect of auditory per- 
spective; of sound repro- 
duced.” This word on the 
other hand, is an objective 
term, relating to something perceived externally to one’s 
self, as a stereoscopic picture. “Binaural” is from the 
Latin meaning “2-eared.” “Stereophonic” is from the 
Greek meaning “solid sound.” Perhaps we should say 
that we use our binaural sense to perceive sound stereophoni- 
cally, or in auditory perspective. 

In fact this very term, auditory perspective, was used through- 
out the six papers, presented to the AIEE in 1933 by mem- 
bers of the Bell Telephone Laboratories,! reporting their 
researches preparatory to transmitting the sound of the 
Philadelphia Symphony Orchestra in auditory perspective 
from Philadelphia, Pa., to Washington, D. C., in April 1933. 
The orchestra performed in Philadelphia, and the sound 
was picked up by three microphones, transmitted over three 
separate channels, and reproduced over three separate 
speaker systems on the stage of Constitution Hall. This 
transmission was the demonstration of the results of their 
research into this fascinating business of increased realism 
in reproduction. ‘This was 20 years ago. 

Just now engineers are becoming publically aware of the 
possibilities of stereophonic reproduction. This time lag is 
probably due to several factors. 1933 was a depression 
year. Such demonstrations cost money. Constitution 
Hall, though packed for the occasion, could accomodate 
only a fraction of the total population who might be in- 
terested. Only since World War II have the means been 
at hand of easily, cheaply, and simply recording more than 
one channel at a time: by the means of tape recording. 
It should be pointed out that multichannel tape recordings 
of music predated the recent interest in multichannel 
broadcasting. Some of the first of these recordings were 
made at the Summer Music Camp at Interlochen, Mich. 


transmit intelligence. 


peeeesensomstey) inte) ts ee 
Revised text of a conference paper presented at the AIEE Summer General Meeting, 
Atlantic City, N. J., June 15-19, 1953. 


R. J. Tinkham is with the Ampex Electric Corporation, Redwood City, Calif. 
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It is inevitable that man in his progress of com- 

munications from talking, telephoning, aural 

and visual broadcasting by radio, should go 

back a bit to do something more than merely 

This is about a refine- 

ment: reproducing recorded sound more faith- 
fully than heretofore. 
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(1951). Subsequently, 2-channel broadcasts were made in 
Chicago, IIl., and New York, N. Y. More recently, 
Standard Oil of California sponsored a series of 2-channel 
delayed broadcasts at San Francisco, Calif. Currently 
the National Broadcasting Company has had a weekly 
2-channel program at Chicago and billed it as stereophonic. 
Several other amplitude-mod- 
ulation — frequency - modula- 
tion broadcasts have been 
made in various parts of the 
United States. 

The tape recordings at In- 
terlochen were made with two 
microphones about 8 inches 
apart on two separate chan- 
nels and were to be heard 
by means of earphones. A 
switch was provided to feed one of the two channels to both 
earphones, ignoring the other channel, to simulate monaural 
conditions for comparison purposes. When the switch 
was thrown to give the 2-channel effect, it was startling, to 
say the least. One seemed to be in the midst of the or- 
chestra. And it recalled to mind the 2-eared hydrophone 
listening used aboard submarines in World War I, and 
the Bell Laboratories’ “Oscar” exhibit at the World’s Fair 
in Chicago in 1933. This exhibit, by the way, is now 
housed at Chicago’s Museum of Science and Industry. 
To refresh the memory, Oscar was a life-sized dummy with 
two microphones hidden in his head where one’s ears are 
normally found. He was enclosed in a glass-walled room so 
all could see the lecturer walk around Oscar. Several 
pairs of earphones were available to observers outside the 
room. ‘These they donned and could both see and hear 
where the lecturer walked with respect to Oscar. The 
various auditors acoustically seemed to be where Oscar 
stood. But the curious point was that Oscar had his back 
to the audience. ‘This, the lecturer explained, was be- 
cause, as he walked behind Oscar while talking, he appeared 
aurally to be walking behind the auditor. And when he 
walked in front of Oscar, he still appeared to be walking 
behind Oscar! ‘This was a paradox. ‘The eyes said “‘yes,” 
but the ears said an emphatic “no.” 

Now this condition was again evident when one listened 
by means of headphones to an orchestral recording. ‘The 
sound, which should have been in front of the listener, 
was perceived to be all around him or behind him. Thus 
the inescapable conclusion is reached that the sound should 
be reproduced by means of a multiple speaker system which 
definitely would help the auditor localize the sound in front 
of himself where it logically should be. Here was this 
subjective ‘‘binaural’’ listening, as contrasted to the ob- 
jective ‘‘stereophonic”’ reproduction. 
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Figure 1. The head assembly of a 3-channel stereophonic re- 

corder. The lateral displacement of the recording gaps must 

be held to a tolerance of +0.0015 inch and even this amount 
produces a 20-degree phase error, the maximum tolerable 


Figure 2. 
From left to right, the tape transport mechanism, the record and 
playback amplifiers for the two channels, and the power supply 


A 2-channel stereophonic recorder in portable cases. 


Recalling the earlier experimental work back of the 
Philadelphia-to-Washington transmission, it was found 
that the researchers had explored many of the pararneters 
involved. Using separate transmitting and listening rooms 
they had tried listening tests using two, three, four, and 
more separate channels. They also tried dividing the out- 
put of two microphones to three speakers, and of three 
microphones to two speakers. 
were made. 


Phasing and loudness tests 
Certain conclusions were reached: 


One channel gave no lateral information, but did yield 
some depth information due to loudness changes and in- 
creased reverberation as microphone-to-source distance 
increased. 

Two channels gave fair lateral judgement, but only poor 
depth determination. 

Three channels gave good lateral information, by filling 
in at the center, and good depth information. 

Four or more channels gave but little more information 
laterally, or depthwise, than the 3-channel system; there- 
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fore they concluded that the 3-channel system was the opti- 
mum minimum number of channels to be used for best 
results. 

Borrowing from another channel (that is, three micro- 
phones to two speakers, or two microphones to three 
speakers) was only a little better than the 2-channel 
system and not nearly as good as the 3-channel system. 

Proper phasing of all channels was a necessity to avoid 
cancellation effects. 

Varying the relative loudness between channels made 
the source appear to move toward the louder reproducing 
point. Microphone placement must be in relation to 
speaker placement. 


Ampex began the commercial production of multitrack 
tape recorders about 3 to 4 years ago for those interested in 
recording telemetered information from guided missiles and 
the like. These equipments provide any number of simul- 
taneous channels up to 14. It was a simple step, therefore, 
to make stereophonic tape recorders with two or more 
channels. 

In reviewing the literature, and customers’ needs, both 
2-track and 3-track machines have been built. The 2- 
track units have been used primarily in the industrial field 
where one definitely is planning to use the equipment for 
the purely investigative purposes of localizing and subjec- 
tively analyzing sound sources, or making sounds sub- 
jectively appear more realistic; this primarily by means of 
two headphones, and only rarely by means of two speakers. 
One track often is used also for quantitative measurement, 
while the other is used for running commentary. The 
3-track units have been used primarily where sound is to 
be reproduced by means of a loudspeaker system. Ob- 
viously, only two tracks are used if headphones are to be 
employed. 

Listening room acoustics, when using speakers, are all 
important, and must be taken into consideration, but this is 
beyond the scope of this article.” 

In recording multichannel sound for later reproduction, 
all of the findings of the Bell Laboratories’ experiments of 
20 years ago, have not only been verified but also one other 
Since the Bell Labora- 
tories’ experiments were all concerned with instantaneous 
transmission of the original sound, time-lag effects between 
channels were not factors. 


problem has been encountered. 


A recorder, basically, is a time 
In delaying time it was found that all of 
the channels must be delayed by the same amount. It 
was thought they are all recorded side by side on the same 
tape, so obviously they must all be reproduced at the same 
time. But it was found that while all of the heads were 
side by side, any deviation of spacing longitudinally with 
respect to the direction of tape motion, introduced small 
constant time differences between channels. This has the 
effect of making the apparent location of a given source 
when reproduced deviate from its actual original position. 
The angle of deviation increases as the time differential 
increases, and can be calculated; therefore, all of the heads 


must have the smallest possible error in parallel alignment. 
See Figure 1. 


storage device. 


Some manufacturers both record and reproduce using 
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the same heads for the two functions. Here, obviously, 
there is no time error. But should such a recording be 
played on another machine, the head spacing cannot be 
different from the first without running afoul of this time- 
phase shift. Ampex uses two separate sets of heads and 
amplifiers: one set for recording, and one for playing back 
the same record an instant after it has been made. This 
method has obvious monitoring advantages during the 
recording of a program. It has the problem for the manu- 
facturer, not the user, of making'it necessary to build high 
accuracy into the head spacing. This problem and the 
one of inductive cross-talk between adjacent channels 
(40 decibels) have been solved. 


DESCRIPTION OF EQUIPMENT 


HE 2- and 3-track Ampex systems are housed in three 

luggage cases, as shown in Figure 2. One case con- 
tains the mechanical equipment involved in tape motion, 
the second contains the requisite number of combined 
record/playback amplifiers, each with separate controls 
and meter, and the third case contains the power supplies 
for the amplifiers. All parts, optionally, may be mounted 
in a standard 19-inch relay rack. The mechanical as- 
sembly is mounted on a 15°/4- by 19-inch panel. Each 
reel turntable is driven by its own torque motor, and each 
motor is equipped with a solenoid-actuated brake, self- 
energizing in the proper direction. 

A ball-bearing mounted flywheel, driven by the passage 
of the tape around a drum mounted on the same shaft and 
above the panel, stabilizes the tape motion as it approaches 
the head assembly. The head assembly holds, from left to 
right, the full track erase head, the 2- or 3-track recording 
head, and the 2- or 3-track playback head. See Figure 3. 
The heads are suitably shielded in mu-metal cans, with 
covers which fall into place as the hinged portion of the 
assembly is lowered into place after tape threading. The 
tape is accurately guided onto and off of the heads by means 
of Pyrex glass guides spaced the width of the tape apart, and 
appropriately at the entrance and exit of the aseembly. 
The tape is pulled over the heads by means of a pinch drive 
consisting of a capstan and rubber capstan idler roller. 
The capstan is the accurately ground shaft of a dual-speed 
hysteresis motor, and is capable of driving the tape at either 
71/, inches per second or 15 inches per second with a timing 
accuracy of +3.6 seconds in 30 minutes of recording time. 
The capstan motor is also equipped with a flywheel. - Mo- 
tor speed is changed by a toggle switch. All mechanical 
functions—fast forward, fast rewind, stop, and playing 
speed forward—are controlled by means of momentary 
contact push buttons. Electrical memory is furnished by 
d-c actuated relays; therefore the entire system may be 
remotely controlled from a separate push-button station. 
Auxiliary equipment also may be plugged into the mecha- 
nism to make possible the synchronizing of the equipment 
with motion-picture camera and projector equipment to 
within 0.001-second accuracy. This is an electrical ar- 
rangement and requires no additional heads or mechanical 
modification to the equipment. 

Each separate amplifier channel has both a recording 
and reproducing amplifier with appropriate switching, so 
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that either the incoming signal on that channel, or the signal 
just recorded onthe tape for that channel, may be moni- 
tored. (See Figure 3.) Each standard 4-inch volume- 
unit meter also may be switched between the recording 
amplifier and the playback amplifier. 
voltages for each channel also may be read on this meter 


Erase and bias 


through appropriate switching incorporated. The record-_ 
ing amplifier has a choice of three inputs: low-impedance | 


microphone, balanced, and unbalanced bridge input. 
The playback amplifier delivers +8 volume units across a 


balanced or unbalanced 600-ohm line output. An internal | 


600-ohm load resistor may be cut in or out by means of a 


switch. Suitable gain controls are provided for each input | 
Erase and bias current is obtained from a_ 
push-pull oscillator using a toroidally wound coil and is | 


and output. 


tuned to approximately 100 ke. This oscillator is mounted 
integrally on one of the amplifiers. Its output is fed also 


to separate buffer amplifiers associated with each of the 


other channels. This eliminates the possibility of beats 
which would exist if each channel had its own oscillator. 


The power supplies are straightforward. They are— 


mounted separately to reduce hum pickup and to divide | 


the weight into convenient packages. 

On the 3-track system, the three tracks are each 0.040 
inch wide and are separated by blank tape space of about 
0.050 inch. All three tracks lie side by side on standard 
1/4-inch-wide tape. With such narrow tracks, some signal- 


to-noise ratio is sacrificed. A restricted bandwidth would — 


give less background noise. 


While it has been stated that a _ 


more restricted bandwidth can be tolerated when using — 
multitrack reproduction to get the same subjective feeling — 


of presence as compared to a monaural system, it is also 


true that the full auditory bandwidth will give even more 


realism to the sound. 


CONCLUSIONS 


r ‘HE NORMAL individual has only two ears; unfortu- 


nately sometimes only one, putting him at a stereo- 


A 3-channel stereophonic recorder 


Figure 3. 
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phonic disadvantage. Having only two ears, it'was at 
first obvious, erroneously, that only two channels need 
be used for stereophonic reproduction. Headphone listen- 
ing, binaurally, has certain deficiencies, except for certain 
‘subjective listening studies. Loudspeaker reproduction 
reaches more people at a given time, and corrects some of 
‘the deficiencies of listening through headphones. But 
‘room acoustics problems, not present when headphones 
are used, enter here. An optimum minimum of three 
channels for loudspeaker listening has been established by 
tests. Electrical phasing, time 


comparative listening 


phasing, and balanced loudness between channels are 
necessary for the maximum realization of the benefits of a 
stereophonic system. Minimum harmonic and _inter- 
modulation distortion obviously aids any system. ‘Trans- 
mitted bandwidth has an effect on realism also. 
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Overload Relays and Circuit Breakers for 


Protecting Motorized Appliances and Their 


Branch Circuits 


G. W. HEUMANN 


MEMBER AIEE 


HE National Electrical 

Code, which governs the 

installation of all electric 
equipment, be it of a domes- 
tic or an industrial type, 
makes a clear distinction 
between protection against 
operating overloads and short 
circuits. Any device or cir- 
cuit which is called upon to 
carry current in excess of its rating constitutes a fire hazard. 
Moderate sustained overloads weaken the insulation around 
the conductors, and tests have demonstrated that insula- 
tion life is approximately halved for each 8-degree-centi- 
grade rise over the maximum safe design temperature. 
High overcurrents due to short circuits may cause melting 
and vaporization of metallic parts, thereby potentially 
causing a fire directly. 


preferred. 


CAUSES OF MOTOR OVERHEATING 


1 Prolonged overcurrent caused by excessive mechani- 
cal load, or by low line voltage. 

2. Frequent starting of equipment not designed for 
duty-cycle service, or too frequent starting of equipment 
which is designed for duty-cycle service. 

3. Excessive mechanical load causing the motor to stall. 

4. Single-phase operation of a 3-phase motor caused by 
an open circuit in the distribution system. 

5. Unbalanced voltage in the case of 3-phase motors. 


In order to avoid damage to the motor, it should be dis- 
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After presenting the causes of motor over- 
heating, thermal overload relays are discussed 
with bimetal-type or solder-film types being 
Short-circuit protection then is 
examined and molded-case air circuit breakers 
are suggested for use with most domestic- and 
industrial-type branch circuits to which mo- 
torized appliances are to be connected. 
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connected from the line be- 
fore it exceeds a permissible 
safe temperature rise. Figure 
1 indicates how long a motor 
can operate under various 
amounts of overcurrent with- 
out undue overheating. This 
particular curve pertains to a 
general-purpose _ industrial- 
type 3-phase motor. Differ- 
ent types and designs of motors have somewhat different 
characteristics, but they all follow the same general kind 
of a curve. 


MOTOR PROTECTIVE DEVICES 


Nes PROTECTIVE DEVICES should have a tripping 
characteristic which follows as closely as prac- 
ticable the motor heating curve so that the motor may 
take full advantage of its thermal storage capacity and 
carry an overload for a short time. On the other hand, 
the protective device should have such a time-current 
characteristic that the motor is disconnected before 
it reaches its temperature limit. Inherent overcurrent 


Full text of a conference paper presented at the AIEE Conference on Domestic Ap- 
pliances, Louisville, Ky., April 22-24, 1953, and recommended for publication by the 
AIEE Committee on Domestic and Commercial Applications, Part V of a series 
of 5 articles. Part I “Motor Overload Protection for Domestic Appliances” by W. 
H., Farrell appeared in the August issue, pages 694-6; Part II “Branch-Circuit Over- 
current Protection for Appliance Loads” by F. G. Von Hoorn appeared in Sept- 
ember, pages 778-9; Part III “The Role of Fuses in Appliance Protection” by J. C. 
Lebens appeared in October, pages 901-03; Part IV “Miniature Fuses for Appliance 
Circuits’ Protection” by A. J. Steele appeared in November, pages 994-5. 


G. W. Heumann is with the General Electric Company, Schenectady, N. Y. 
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protectors and special fuses with characteristics suitable 
for motor protection have been treated previously in this 
series. This article will treat another overcurrent device 
which has found wide acceptance in the appliance as well 
as the general industrial field, namely, thermal overload 
relays. 


THERMAL OVERLOAD RELAYS 


HERMAL OVERLOAD RELAYS are replica-type relays. 

This means they are so designed that internally 
they reflect, in a miniature fashion, the same heating effects 
which occur in the motor. A thermal overload relay 
makes use of the heat-storing ability of a thermal responsive 
element and connected mass. The heat generated by the 
motor load current is conducted, convected, or radiated to 
the responsive element which causes the relay contact to 
operate when it has reached a certain temperature. 

Many designs of thermal overload relays use a strip of 
bimetal as the heat-responsive element, which is deflected 
by heat. As an example, Figure 2 shows in a schematic 
manner a starter for a single-phase domestic refrigerator 
motor with built-in overload relay. When the motor is 
energized by the cold control, both the start and run wind- 
ing are in the circuit. As the starting current drops to 
normal running current a solenoid with a current coil in 
series with the run winding opens the starting contacts 
and disconnects the start winding. During starting and 
running the overload relay is connected in series with the 
motor. Current flows through the bimetal strip and a 
nichrome heater which radiates into the bimetal strip. 
If sufficient heat has entered the bimetal strip, it deflects, 
opens the overload contacts, and disconnects the motor 
from the line. ‘The overload contacts reclose automatically 
after the bimetal strip has cooled sufficiently to reset. 

In Figure 3 the complete starter is shown. ‘The overload 
relay is located to the right inside the box. This relay is 
manufactured for use with fractional-horsepower motors 
and it can be obtained in current ratings between 1.6 and 
8 amperes with 10-per-cent steps between ratings. Each 
relay is built for a specific motor application, the difference 
between relays being in the heater. The relay shown is 
typical of a design for high production in large quantities. 
It is used primarily on domestic appliances. 

Larger appliances requiring integral-horsepower motors 
utilize a more industrial type of equipment. Quantities 


TIME IN SECONDS 


Figure 1 (left). Typical 
a-c motor heating curve. 
Figure 3 (above). Starter 
with thermal overload 
protection for fractional- 
horsepower motor 


PER UNIT CURRENT 
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Figure 2. Schematic diagram of starter with thermal overload 
protection for fractional-horsepower single-phase motor 
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Figure 4. Single-pole thermal overload relay with interchange- 
able heater for industrial-type magnetic starters 


produced are often too small to make it economical to de- 
velop special overload relays for a given application. 
A general-purpose relay designed for thermal protection — 
of any kind of industrial motor is shown in Figure 4. Motor 
current flows only through the heater, not through the bi- 
metal strip. When the strip is heated sufficiently, it de- 
flects, trips a latch, and a spring-loaded toggle mechanism 
opens the relay contact, which opens the coil circuit of a 
magnetic starter. ‘The contacts may be reset automatically, 
or they may be reset manually by pressing a reset knob. 
One relay in one motor line is used to protect single-phase 
motors, and two relays in two motor lines are used to pro- 
tect 3-phase motors. 

The relays without the heaters are built in quantity as a 
standardized product. For each motor application, a 
different heater is used. It would be uneconomical to 
develop different heaters for each different motor current 
rating. Manufacturers have laid out their heater lines with 
10-per-cent steps between heaters. When the relays are 
used with 40-degree-centigrade-rise general-purpose motors, 
which have a 115-per-cent service factor, relay heaters 
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selected in accordance with standard heater tables as pub- 
lished by the manufacturers will take the motor off the line 
when its current is between 115 and 125 per cent of its 
rated full-load current. When relays are used with 
50-degree-centigrade-rise rated motors, which have no 
service factor, heaters are chosen from a standard table for 
90 per cent of motor full-load current. 

A tripping characteristic of such a relay is shown in Figure 
5. It trips ultimately at 115 per cent of rated motor 
current. In order to provide stall protection, under which 
condition general-purpose 3-phase squirrel-cage motors 
draw about 600 per cent current, thermal relays should 
trip in less than the time it takes the motor to attain its 
maximum permissible temperature rise. 

Since motor heating and relay tripping are temperature 
problems, special relay selections may have to be made for 
motor operation in an ambient different from the normal 
40 degrees centigrade. A peculiar problem exists when 
thermal overload relays are used for the protection of her- 
metically sealed refrigeration compressors. A hermetically 


sealed compressor consists of 


a mechanical compressor 
driven by an electric motor, 
both of which are enclosed 
in the same housing, the motor 
operating in the refrigerant 
atmosphere. 
a-c motors are used on such 
machines. Because they oper- 
ate at lower than the normal 
40 degrees centigrade ambi- 
ent temperature, they can de- 
liver a higher output, and 
they can draw higher current 


Squirrel-cage 


PER UNIT CURRENT 


Figure 5. Tripping char- 
acteristic of thermal over- 


load relay than that corresponding to 
their normal open rating, 
ZERO 

t 


A - SYMMETRICAL SHORT-CIRCUIT CURRENT 


0-¢ 
COMPONENT 


B - ASYMMETRICAL SHORT- CIRCUIT CURRENT 


Figure 6. Short-circuit currents 
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without exceeding the permis- 
sible maximum temperature 
of the motor windings. Her- 
metically sealed compressors 
have theirname plates marked 
with the current which the 
motor draws while driving the 
compressor. ‘This increase in 
running current rating of a 
motor of a given frame size 
does not have any effect 
on the locked-rotor current 
which remains the same as 
during normal motor opera- 
tion in the open. When a 
motor of a given frame size is 
used on a hermetically sealed 
compressor, the ratio of stalled 


Figure 7. Molded-case air 


circuit breaker, single 
pole, 120 volts, 50-ampere 
frame, with 5,000-ampere 
interrupting capacity 
current to normal running 
current is considerably less 
than the approximately 600 per cent which can be expected 
on general-purpose motors when used in normal ambients. 
If a thermal-overload relay were selected from a normal 
general-purpose relay table, it would have to be selected 
for a current rating corresponding to the compressor- 
current rating. Hence, a motor of a given frame size 
would be protected by a relay with a heavier heater than 
would be used for the same motor in a normal ambient. 
Consequently, under a stall condition, the relay would re- 
quire a longer time to trip, and some motors may be dam- 
aged by excessive temperature rise. 
facturers have developed special relays with special heaters 
for use with hermetically sealed compressors. Such relays 
have a shorter tripping time at high currents than normal 
relays. 


Hence, relay manu- 


While this article has described specifically bimetal-type 
overload relays, another type of thermal-overload relay is 
available which 
operation of the relay contacts. 


makes use of a solder film to restrain 
The heater softens the 
solder which, when melting, releases a spring-loaded trip 
mechanism. Solder-film relays can be obtained with hand 
reset only, and they cannot be used on applications which 
would prefer automatic resetting. 
SHORT-CIRCUIT PROTECTION 

i) Die Code requires that every motor branch circuit be 

protected against the devastating effects of short circuits. 
Fault currents which may flow in a branch circuit do not 
depend on motor size but on the characteristics of the power 
system to which the is connected. The short- 
circuit current which may flow at the point of motor in- 
stallation is given by circuit voltage divided by the im- 
pedance of the power system to the point where the fault 
may occur. This short-circuit current is often expressed 
as a symmetrical rms short-circuit current. The actual 
current flowing in a faulted branch circuit, however, may 
be an asymmetrical current as illustrated in Figure 6. 
Depending on the instant at which the fault occurs, the 
current wave may be offset by a d-c component which de- 
cays exponentially to zero within a few cycles. 


motor 


During 
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any fault the current actually flowing may be somewhere 
between the symmetrical and the fully offset value. 

It is customary to rate low-voltage interrupting devices in 
terms of available asymmetrical current, including the d-c 
component that may exist at the instant of current inter- 
ruption. The asymmetrical interrupting rating of the 
device is taken as 125 per cent of the symmetrical current 
representing the average of the three asymmetrical currents 
at 1/2 cycle after the fault has been established. This 
means that a circuit-interrupting device should be employed 
which has an interrupting rating, expressed in rms amperes, 
of not less than 125 per cent of the calculated symmetrical 
rms short-circuit current which may flow in the branch 
circuit. As an example, if the calculated rms. short- 
circuit current is 4,000 amperes, the interrupting device 
should have a rated interrupting capacity of 5,000 amperes. 

Branch circuits in dwellings and the like, where domestic 
appliances may be connected to 115-volt combination 
lighting and motor branch Circuits;short-circuit currents 
might not exceed 1,000 amperes, and they seldom exceed 
4,000 amperes. Hence devices capable of interrupting 
5,000 amperes provide adequate protection for such cir- 
cuits. In metropolitan areas served by large secondary 
networks, much higher short-circuit currents may be en- 
countered. Symmetrical rms_ short-circuit currents up 
to 12,000 or more amperes are possible, which means that 
devices having an interrupting rating of 15,000 amperes or 
more should be considered for such applications. 

Interrupting capacities of such magnitude are utterly 
beyond the capabilities of motor starters as are used in 
conjunction with appliances. 
must be accomplished by entirely separate devices. 


Short-circuit protection 


Two 


Figure 8 (above). Molded- 
case air circuit breaker, triple 
pole, 600 volts, 100-ampere 
frame, with 15,000-ampere 
interrupting capacity. Figure 
10 (right). Combination 
starter with molded-case air 
circuit breaker 
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Tripping curve of molded-case air circuit breaker 
with thermal-magnetic trip 


Figure 9. 


kinds of devices are recognized by the Code as being suit- 
able for short-circuit protection, namely, circuit breakers 
and fuses. 


MOLDED-CASE AIR CIRCUIT BREAKERS 


HE MOST COMMONLY USED breakers in small-capacity 
low-voltage circuits are the molded-case air circuit 
Their name is derived from their mechanical 
construction. The contacts, the closing mechanism, and 
the trip elements are completely enclosed in a molded 
They are equipped with thermal, magnetic, or 
thermal-magnetic trips. At moderate overloads, they trip 
with a time delay, thus they do not trip on motor starting 
Under short-circuit conditions those breakers 


breakers. 


housing. 


currents. 
equipped with magnetic or thermal-magnetic overcurrent 
elements trip instantaneously, the total interrupting time 
varying between 1/2 and 3 cycles, depending on breaker 
size. 

Circuit breakers can be obtained in single-pole, double- 
pole, or triple-pole forms. The Code prescribes that 
a pole with a trip element be connected in each ungrounded 
line to the motor. Molded-case breakers are available in 
four frame sizes, having a maximum rating of 50, 100, 225, 
and 600 amperes. For each frame size several trip ratings 
can be obtained as shown in Table I. 

Code rules, which have been established on the basis of 
long years of experience, govern the selection of breaker 
current ratings for motors of various sizes. The following 
rules apply to squirrel-cage motors with full-voltage starting 
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Table I 
ae 
Frame Size, Tripping Time, 

Amperes Trip Ratings, Amperes Cycles 


BOLE aa etek 10, 15, 20, 30, 40, 50 
NOOR ene 15, 20, 30, 40, 50, 70, 100 a 
Oh Aas alti. Gra 5 70, 100, 125, 150, 175, 200, 225 
COMES ee Sa me 125, 150, 175, 200, 225, 250, 275, 


300, 350, 400, 500, 600 


* Approximately. 


_which represent the bulk of the motors used on appliances. 


1. For motors having a code letter, the current rating 
of the breaker should not exceed the following per cent of 
motor full-load current: 


Code letter Ao.cf. si: 150 per cent 
Code letters B to E....200 per cent 
Code letters £ tolV. 4:.250'per cent + 


2. For motors which do not have a code letter, the cur- 
rent rating of the breaker should not exceed 250 per cent 
of motor full-load current. 


Certain exceptions are permitted by the Code in case of 
high-inertia drives and the like which could not be started 
with breakers selected under the foregoing rules. However, 
in order to protect the thermal overload relays against dam- 
age due to short circuits, the breaker current rating never 
must exceed 400 per cent of the motor full-load currents. 

Shown in Figure 7 is a single-pole circuit breaker which 
is designed to meet the requirements of protecting general 
lighting and appliance branch circuits of the domestic 
or commercial type. ‘This is a 50-ampere frame for use on 
120-volt a-c circuits. Double-pole breakers also can be 
obtained for use on 120/240-volt circuits. Double-pole 
breakers consist of two single-pole units clamped together 
with a common operating handle. The interrupting rating 
of this type of breaker is 5,000 amperes rms, which is ample 
for conditions encountered in most dwellings, office build- 
ings, and similar locations where fractional-horsepower 
motor-driven appliances generally are found. ‘This is the 
same type of breaker which often is assembled into load 
centers and panelboards. 

Larger appliances which are driven by integral-horse- 
power polyphase motors may have to be connected to 
branch circuits serving motor loads only. Industrial-type 
circuit breakers are used in such cases. Figure 8 illustrates 
a circuit breaker, triple pole, 100-ampere frame, designed 
for use on circuits up to 600 volts. The interrupting rating 
of this type of breaker is 15,000 amperes which makes it 
usable on most industrial low-voltage motor branch cir- 
cuits on which appliances may be found. 

Figure 9 is a typical tripping characteristic of a molded- 
case breaker, indicating in a general manner the tripping 
time for various amounts of current, expressed in terms of 
breaker trip-current rating. This curve is generalized 
for a whole line of breakers, and individual breakers will 
deviate somewhat from that curve. Manufacturers have 
published in their catalogues information on the bandwidth 
of the tripping characteristics of their breakers, and more 
specific information on particular breakers may be obtained 
upon request. For overcurrents up to approximately 10 


times breaker rating the trip curve is a conventional in- 
verse-time curve while the breaker is under the control of 
the thermal trips. At approximately 10 times rated breaker 
current the magnetic trips take over. The breaking point 
in the trip curve may vary between about 9 and 15 times 
breaker trip current rating, depending upon breaker size. 

The Code does not establish specific rules on where the 
circuit breakers are to be located. They may be installed 
on a power distribution switchboard. They may be in- 
stalled as individual units ahead of the motor starter. 
When large appliances with polyphase motors are controlled 
by magnetic starters, short-circuit protection may be built 
into the starter by the use of a combination starter. Such a 
starter, as illustrated in Figure 10, consists of a conventional 
magnetic starter (line contactor with built-on overload 
relays) and a circuit breaker mounted in a common en- 
closure. Combination starters up to National Electrical 
Manufacturers Association size 4 are suitable for installa- 
tion in motor branch circuits in which the available asym- 
metrical short-circuit current does not exceed 15,000 am- 
peres. All parts of the starter, including the wiring, are 
assembled so that they can withstand the stresses due 
to fault currents. Combination starters are co-ordinated 
motor controllers, providing in one package overload and 
short-circuit protection. 

In conclusion, it can be stated that thermal-overload 
relays of the bimetallic or the solder-film variety are avail- 
able from control manufacturers which provide adequate 
running overload and _ stall protection for fractional- 
horsepower single-phase and for integral-horsepower 
polyphase motors. Molded-case circuit breakers provide 
acceptable short-circuit protection for most domestic- or 
industrial-type branch circuits to which motorized ap- 
pliances may be connected. 

While this article deals with the role of circuit breakers 
as short-circuit protective devices, it should be kept in 
mind that fuses—treated elsewhere in this series—also are 
recognized as adequate means for protecting motor branch 
circuits against overloads. Conventional National Elec- 
trical Code fuses or current-limiting fuses with high inter- 
rupting rating are in use. Therefore, control manufac- 
turers also offer combination starters which, instead of a 
circuit breaker, contain a fusible motor circuit switch for 
disconnecting and protecting the motor branch circuit. 


Nuclear Power Study 


Five companies, four of which have been participants 
in previous nuclear power studies, have joined in a new 
study which has been approved by the Atomic Energy 
Commission. The five companies are American Gas and 
Electric Service Corporation, Bechtel Corporation, Com- 
monwealth Edison Company, Pacific Gas: and Electric 
Company, and Union Electric Company. The initial 
objective of the new group is to select a design of a reactor 
intended primarily for the production of electric power 
within the near future and to make a preliminary economic 
appraisal of such a design. 
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Mine-Trailing 
Cables 
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Mine-trailing-cable construction is discussed with the 

cables being divided into five groups having charac- 

teristically different construction. The four principal 

types of damage to these cables are given together 

with ways of identifying the damage and both pre- 
ventive and remedial measures. 


HE PRIMARY FUNCTION OF a trailing cable 
Plies to supply electric energy to portable equipment, 

such as shuttle cars, loading machines, and cutting 
machines. ‘To date, no one group of materials can be 
used to build trailing cable that will satisfy all require- 
ments. The most useful conductor is stranded copper 
and the most successful insulation and covering is Type 
RH-RW or equivalent and neoprene jacket, respectively. 

Mine-trailing cables are sufficiently important in mine 
operation to justify all the development and research they 
have undergone and all the careful treatment their users 
can give them. ‘They continue to receive a good deal of 
attention as to development of better cable constructions, 
better materials, better designed equipment for handling 
them, and better methods for protecting them from damage. 

Mine-trailing-cable construction has undergone many 
changes and improvements. Some of these have been 
concurrent with improvement in materials and some inde- 
pendent of them. Some of the cable manufacturers’ best 
engineers are working continuously for more improvement. 
Two laboratory testing machines are shown in the title 
picture and Figure 1. The former shows a laboratory ma- 
chine bend testing a trailer cable 90 degrees to the left and 
right to total 180 degrees. ‘The test is continued until con- 
ductor failure—the number of bend cycles to failure is re- 
corded and becomes useful in comparing and evaluating 
fatigue resistance. 

Improvements in design have included the cord-re- 
inforced jacket, stranding technique, make-up of ground- 
ing conductors (flat for twin cables, rubber-cored for round 
cables), protection of grounding conductors against crush- 
ing and short-circuiting, unified mechanical design resulting 
in improved tensile strength of the cable as a whole and 
greater resistance to damage from excessive tension. 


MINE-TRAILING-CABLE CONSTRUCTION 


RAILING CABLES used in supplying equipment at the 
i Bieees face or in transporting material from the face 
can be divided into five groups, each with characteris- 
tically different constructions. 


1. Gathering Locomotive Cable. It is made up with 
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A reinforcing 
web or open braid is placed over the insulated con- 


a single flexible insulated conductor. 


ductor. This core then is covered with a tough pro- 
tective sheath or jacket, see Figure 2. This construction 
was designed to withstand the constant reeling, bending, 
and rough usage encountered in the operation of a gathering | 
locomotive. 


2. Flat Twin—With and Without Grounding Conductor. 
In flat-twin construction, two flexible insulated conductors - 
are laid parallel. If a grounding conductor is desired, it — 
is positioned between the two insulated power conductors. | 
Reinforcing members—such as rubber fillers, braids, webs, © 
or breaker strips—are placed with or around the parallel — 
members. ‘This core is covered with a tough jacket. A 
special shape of conductor insulation is shown in Figure 
3, but it also may be round. Flat-twin cables are the — 
most popular construction used on face-mining equipment. 
They are made in a wide range of sizes and can fill most — 
power requirements. ‘They are designed to withstand — 
bending around small-diameter sheaves, cable drums, and — 
guides. The parallel construction offers considerable 
resistance to run-overs and physical abuse. 


3. Round Multiple Conductor—Types W and G. Type W 
cables are made up with either three or four flexible 
insulated conductors. Identification is by colored com- 
pounds or by tape or braids over black insulation. The 
core is protected by two jackets with a reinforcing web 
or open braid between them, see Figure 4. Type G 
cables are similar to Type W cables except that grounding 
wires are placed in the interstices. Round multiple- 
conductor cables are used on a-c equipment. 


Condensed text of a District paper, ‘‘Construction and Maintenance of Mine- 
Trailing Cables” presented at the AIEE Middle Eastern District Meeting, Charles- 
ton, W. Va., September 29-October 1, 1953. 


Steve Bunish is with Anaconda Wire and Cable Company, Marion, Ind. 
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Laboratory testing machine for simulating action of 
Cable is bent 
The 


Figure 1. 
mine-trailing cable on portable mine equipment. 
around a cable drum and through a series of sheaves. 

machine is also useful for evaluating fatigue resistance 


Figure 2 (left). 
Gathering locomo- 
tive cable. Figure 
5 (right). Concen- 
tric mining ma- 
chine cable 


oo 


Flat twin: 


Figure 3. 


A. With breaker strips; 


B. With ground- 
ing conductor and breaker strips 


)(®) SIC 
(®) Sy 
A B 


Figure 4. Round multiple conductor: A. Type W; B. Type G 


Be © 


133- 
Figure 8 
133-wire strand with 7 ropes of 19 wires each (7 X 19) 


Figure 6 (left). Heavy-duty drill cord. Figure 7 (center). 
wire strand with 19 ropes of 7 wires each (19 X 7). 
(right). 
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4. Concentric Mining-Machine Cable. In a concentric 
mining-machine cable, individual wires are stranded 
concentrically around a flexible insulated conductor. A 
reinforced covering then is applied around this core, see 
Figure 5. Concentric mining-machine cables find limited 
use on gathering locomotives and other mining equipment. 
They have the advantage of small diameters but they are 
not designed to take the twisting, bending, and physical 
abuse that trailing cables receive in modern mining. 


5. Heavy-Duty Drill Cords. Heavy-duty drill cords are 
made up with flexible insulated conductors, cabled to- 
gether with appropriate fillers. They then are covered 
with an extra-heavy jacket. This extra-heavy jacket 
offers additional protection against physical abuse, see 
Figure 6. 

All cables are basically one or more conductors with 
electrical insulation and a protective jacket. The heart 
of any trailing cable is the stranded conductors made of 
stranded annealed copper wires. 


FLEXIBLE STRANDING 


WO IMPORTANT FACTORS to consider in designing a 
flexible copper conductor for mine-trailing cables are 


1. The size and number of individual wires to use to 
obtain the desired cross-sectional area of copper and the 
necessary flexibility. Generally and within limits, the 
smaller the wire size, the better the conductor flexibility. 

2. The direction and length of lay of both the individual 
ropes in a conductor and in the final stranded conductor. 
These factors play an important part in the mechanical 
behavior of the cable. Mine-trailing-cable conductors 
usually are made up with 133 wires or with 259 wires. 
These can be stranded in a variety of ways. For example, 
a 133-wire strand can be made up in the following ways: 


A. Nineteen ropes of seven wires each (19 X 7). In 
this construction, one rope is used as a core. Six ropes 
then are stranded concentrically around this core. This 
is followed by another layer of the remaining 12 ropes. 
The individual ropes can be concentrically stranded or 
bunched, see Figure 7. 

B. Seven ropes of 19 wires each (7 X 19). In this 
construction one group of 19 wires is used as a core. The 
remaining six ropes are stranded concentrically around 
this core. The individual ropes can be concentrically 
stranded or bunched, see Figure 8. 


LAY OF STRANDED CONDUCTORS 


od baci DIRECTION in which copper wires are stranded 
also can be varied. ‘Typical designs are as follows: 


1. Standard Lay. ‘The lay of the individual ropes in 
any one layer of the stranded conductor is the reverse of 
the lay of the layer. The lay of each layer is alternated; 
right hand—left hand. The final layer is usually left- 
hand lay. 

2. Unidirectional Lay. In this construction the individual 
wires making up each rope are stranded in the same direc- 
tion as the final stranded conductor. 
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3. Herringbone Lay. ‘This type of lay usually is used in 
a7 X 19 or 7 X 37 construction. 


The direction of lay is reversed in alternate ropes in the 
outer layer. 

Whenever a trailing cable is in service, the stranded- 
copper conductors are subjected to compression, shear, Figure 9. Snagged and torn jacket 
torsion, and tensile stress. Stranded conductors with a 
standard lay and made up with seven ropes seem to give 
better service than 19-rope constructions. 

A Herringbone lay often is used in single-conductor 
gathering-locomotive cable constructions. The location 
and action of the locomotive cable reel subjects a cable 
to considerable torsion. Herringbone lay seems to balance 
these torsional stresses when a gathering-locomotive cable 
is reeled and unreeled. Unidirectional lay is seldom used 
in electric conductors. This type of lay is used in some 
steel-rope constructions. 

For the ultimate in mechanical performance, which 
feature is predominant in mine-trailing cables, the fore- 
going points all must be considered in designing a cable 
which will have fatigue resistance and a proper balance 
between various metallic components. This is so that 

_ under severe tension, a grounding conductor; for example, 
will not break before the power conductor. 


Figure 10. Jacket damaged by excessive abrasion 


INSULATION 


NSULATIONS FOR mine-trailing cables should have the 
following characteristics: 


1. Adequate electrical properties. = 
2. Physical toughness: high resistance to compression Figure’ 100 Unrepaired punctured trading cab lesen mice meenm! 
cutting. cause electrical failures in wet sections j 

3. High resistance to oxidation and deterioration from ; 
heat. The majority of cables used on face equipment are 
rated at 600 volts. These insulations at present are for peratures. These high temperatures were reached when 
the most part made up of Buna S' (GRS') compound. trailing cables were electrically overloaded. Buna S$ | 
compounds make desirable trailing-cable insulations be- 
cause they do not exhibit this tendency. At temperatures 
up to 100 degrees centigrade they do not have the mechani- 


Heat-resistant grade insulations meeting American 
Society for Testing Materials Specification D 754 make a 
quality insulation for trailing cables. They are charac- : 
terized by long life, high electrical values, and good me- feta es i eee oe <_ if but at much 

d ; : onsen r te ratures they are better. 
chanical properties. ‘The maximum permissible copper higherveni pe ) | 
temperature for cable insulated with heat-resistant grade is 
75 degrees centigrade. £ 

Past experiences have shown that natural rubber insula-  ' \HE PROTECTIVE COVERINGS or jackets of trailing cables 
tions generally become soft and plastic at very high tem- should be highly resistant to acid mine waters, oil, 


JACKETS 


Figure 12 (left). Cable subjected to excessive tension shown by the hour-glass shape. Figure 13 (center). Cable crushed sufficiently 
Figure 14 (right). Cables badly cut and crushed. The third specimen from the top was al- 
most severed 


to cause variation in its diameter. 
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mud, and grease. They should have good flame resistance. 
They should be characterized by physical properties that 
include high resistance to abrasion, compression cutting, 
and tearing. 

The most widely used rubber for jackets is neoprene. 
Its inherent chemical properties give it good flame and 
acceptable oil resistance. 


PRINCIPAL CAUSES OF DAMAGE IN MINE-TRAILING 


CABLES 


Nie DAMAGE, it can be shown, is 
neither mysterious nor unaccountable. Aside from 
manufacturing deficiencies which occasionally will occur, 
damage can be divided into four categories. All these 
four can result in partial or complete rupture of the 
insulation and consequent interruption to service. Partial 
cases become complete if the opportunity for additional 
damage is not removed. The four categories are: 1. 
Excessive tension. 2. Mechanical damage. 3. Elec- 
trical overload. 4. Poor joints and terminals. 


Excessive Tension. One of the outstanding causes of 
damage is excessive longitudinal tension. Even with 
tension devices on the mining machine, it is possible to 
get sufficient tension to damage cable jackets and break 
conductors. 

A good indication of excessive tension is necking down 
(into hour-glass shape) of a portion of cable. This condi- 


tion seems to occur much more frequently in smaller cable 


Figure 15. Blisters formed under the jacket by electrical overload 


a 


ae 


Figure 16. Troubles resulting from unsatisfactory temporary 

repairs and joints on trailing cables: Numbers 1 and 2 show 

jacket repairs made with friction tape; in numbers 3 and 4 the 

conductors have been spliced; in number 3 the grounding 

conductor was cut and left open and one insulated conductor 
was left exposed 
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Table I. Suggested Trailing-Cable Maintenance 


Cause of Damage 


Evidence of Damage 


How to Avoid Damage 


at 


1, Excessive..... 


Cable necked down resembling. 


. Install spring-type shock absorber 
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tension hour-glass shape, or at power source, and : 
Jacket creeping back from Keep proper tension on trailing 
temporary joint, or cable reel, and | 
Grounding conductor pulled Adjust cable reel to prevent back 
apart spooling 
2, Mechanical. ..Short sections of cable crushed. .Avoid run-overs, and : 
damage or flattened to a larger di- Replace broken sheaves or guides, 
ameter along major axis, or and 
Excessive abrasion, or Avoid pinching cable between 
Gouges, cuts, punctures equipment and rib, roof, or 
; mine bottom 
3. Electrica]..... Blistered jacket, or..........+> Choose cable with adequate cur- 
overload Jacket hardens and cracks on rent rating: Consult cable 
bottom layer on reel, or manufacturer or mining ma- 
Tinned-copper strands turn chine manufacturer for recom- 
blue-black mendations, and 
When cable is removed for 
making permanent joints, re- 
verse cable ends, and 
When operating only a short 
distance from power source, 
remove cable from reel and 
place it where it will be well 
ventilated 
4. Poor,........Exposed conductors in a joint, .. Carry insulating tapes back over 
temporary original conductor insulation 
joints and and replace temporary with 
terminals permanent joint as soon as 
possible 
Open grounding conductor Make conductor continuous in 
all joints and ground it at all 
terminals 
Kinked cable Balance the conductor lengths in 
all joints and terminals so that 
all are under even tension 
sizes. When copper conductors are stretched, consider- 


able tension is exerted before any appreciable elongation 
takes place. A stranded-copper conductor will elongate 
approximately 20 per cent before rupture. Once the 
conductor stretches, it does not return to its original length. 


Mechanical Damage. Whenever a trailing cable in 
service is grooved, shows uneven wear, or is abraded 
deeply in localized areas, it is a good indication that it has 
suffered mechanical abuse beyond the limits for which it 
was designed. A jacket which has been snagged and torn 
is shown in Figure 9. This type of abuse can go un- 
detected electrically for some time because the conductors 
still are separated physically. As soon as it is located, 
a thorough repair job should be done. 

Excessive abrasion can damage the cable jacket as seen 
in Figure 10. Whenever a cable is grooved or abraded 
deeply in localized areas or shows uneven wear, it is good 
evidence that it has suffered mechanical abuse beyond 
the limits for which it was designed. 

Punctures, another type of mechanical damage, are 
shown in Figure 11. All four of these trailing cables were 
not repaired after being punctured. In wet sections, 
electrical failure would result. 

Another form of mechanical damage results from excessive 
tension, see Figure 12. One way it may be indicated is 
by necking down in hour-glass shape. The cable must be 
stretched almost to its ultimate strength before this can 
occur. 

Crushing can result in varying degrees of damage. 
Figure 13 shows a jacket which has been crushed to such 
an extent that variation in its diameter can be detected 
easily. ‘This crushing can be the result of running over 
or pinching the cable. Cutting combined with crushing 
can result in severe damage as shown in Figure 14. 
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_ Electrical Overload 


1. Causes of overload: 

A. Selection of conductor size too small for the ampere 
load to be carried under the conditions the cable must 
meet. 

a 2B. Operation at low voltage, aggravated by excessive 
_ cable length. 

C. Accumulation of excessive heat due to one or more 
layers of cable on a reel. 

D. Inadequate or nonoperating overload protection. 


Reduction in current rating for number of layers on a 
reel always should be allowed, otherwise the cable will be 
under the handicap of overload and excessive temperature 
from the beginning, a great deterrent to long life. The 
Insulated Power Cable Engineers Association recommends 
that “when cables are used with one or more layers wound 
on a gathering reel, the current-carrying capacities shall 
be corrected as follows’: 


Corrected Value of Current- 
Carrying Capacity: 
Multiply Specified Value by 
the Appropriate Factor Below 


Number of Layers 
on a Gathering Reel 


PWN 
Oo 
+ 
a 


It may appear wrong at first, when one reads “one or 
more layers.” Actually, the current rating is based on one 
cable in air, without anything near it to prevent natural 
movement of air adjacent to its surface. When a cable 
is wound on a reel, even in one layer, it is no longer able 
to depend upon full natural ventilation, heat is not removed 
so rapidly, so the current rating must be reduced. 


2. Results of high electrical overloading: 

A. Temperature of conductor, insulation, and jacket 
all are elevated, sometimes to dangerous values. 

B. Resistance of the copper conductor is increased, 
voltage drop in the cable is increased and a reduced voltage 
is supplied to the machine, automatically calling for more 
current which adds to cable heating. 

C. Insulation and jacket are much more vulnerable 
to physical damage, such as cutting and tearing. Electrical 
overload can be evidenced by the formation of blisters 
under the jacket as shown in Figure 15. These blisters 
are formed by gases given off by rubber compounds upon 
being raised to an elevated temperature. They increase 
the cable diameter and make it more susceptible to damage. 

D. Entire cable becomes a definite fire hazard under 
extreme conditions of overloading, such as stalled motors. 
The conductors are well overheated. 


Poor Joints and Terminals. Either can reduce the effec- 
tiveness of a trailing cable. It can become an operating 
liability. The most common examples of poor jointing 
technique in making temporary joints are 


1. Cutting out the grounding conductor, leaving it 
open and partly ungrounded, see Figure 16. 

2. Failure to cover conductor completely with insulat- 
ing tapes, leaving bare wires exposed, see Figure 17. 
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Figure 17. Unsatisfactory joints: Little effort was made to carry 

the insulating tape back over the original insulation and jacket 

in three of these temporary joints. However, water easily can 
enter all five 


Figure 18. The grounding conductor in this trailing cable 

terminal was not connected. The individual conductors also 

should be of equal length and so attached to the terminal appara- 

tus that even tension occurs on both conductors to prevent kinking 
which can damage the cable 


3. Failure to balance the length of individual con- 
ductors at joints, resulting in uneven tension on con- 
ductors, see Figure 18. 

4, Individual wires cut or broken during jointing 
operation. 


The grounding conductor at the terminal of a trailing 
cable always should be connected to ground. Failure to 
do so defeats the purpose of the grounding conductor. 


CONCLUSIONS 


1. Present methods of trailer-cable construction are 
very helpful but not sufficient to prevent damage, es- 
pecially from rough usage. In the long run, the way in 
which the user handles the cable determines how long it 
will last. 

2. Recognition of physical and electrical limitations 
of trailer cables and action accordingly will result in cables 
receiving less abuse and suffering less damage. See Table I. 

3. A continuous and effective maintenance program 
will result in less-frequent work stoppage and increase 
protection against damage and hazard. See Table I. 
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Frequency and Fluorescent Lamps 


Dp for EN CER 


ODAY NEARLY all 

electric energy is gener- 

ated at 60 cycles per sec- 
ond. The first large generat- 
ing stations were built at a 
time when alternating current 
was barely beginning to be 
understood. Engineers felt 
constrained to choose, as standard, the lowest frequency 
that would eliminate flicker in Edison’s incandescent lamps. 
With the development of a better understanding of electric 
circuits and electromagnetic fields, the engineer finds that 
higher frequencies than the standard 60 are preferable in 
many applications. Airplane equipment is_ ordinarily 
designed for higher frequencies such as 600 cycles per 
second, thereby reducing the weight of synchronous equip- 
ment as compared to similar 60-cycle equipment. Electric 
furnaces for induction heating of metals are available at 
1,000, 3,000, and 10,000 cycles per second (cps). 

Though the commercial frequency was developed to 
meet the needs of incandescent lamps, it is unsuited theoret- 
ically to the operation of fluorescent lamps. To obtain 
best performance, fluorescent lamps should be operated 
at a much higher frequency. This article will present 
information recently obtained on the advantages of fre- 
quencies above 60 cps. 


CHOICE OF FREQUENCY 
r I YHE PREFERABLE frequency for the operation of fluores- 
cent lamps should be chosen after taking account of the 
lamp characteristics, acoustic considerations, the weight of 
auxiliary equipment, and transmission line properties. 


Incandescent Lamps. An incandescent lamp may be con- 
The resist- 
ance depends on the temperature and consequently on the 
instantaneous current as well as on the previous thermal 


history of the filament. If a 60-watt incandescent lamp, 


sidered to be a temperature-sensitive resistor.! 


Domina E. Spencer is associate professor at the University of Connecticut, Storrs, Conn. 
Vv Vv 
Tt I 
(A) (B) 
Figure 1. Typical volt-ampere characteristics for an incandescent 


lamp; A, 25 cps; B, 60 cps 
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Although 60-cycle alternating current is almost 

universally employed for lighting purposes in 

this country, fluorescent lamps can be operated 

more economically on higher frequencies and 

at the same time their light output and life 
are increased. 
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for instance, is operated at a 
low frequency. (say 25 cps), 
the filament is cooler when 
the current is increasing than 
when it is decreasing as in- 
dicated in Figure 14. As a 
result, the current is larger on 
one half of the cycle than on 
the other half and more light is emitted in one half-cycle 
than in the other. There is annoying flicker. 

For optimum operation of an incandescent lamp, the 
frequency must be increased until the period is so short that 
the filament does not cool appreciably during a half-cycle. 
The volt-ampere characteristic then approaches the shape 
shown in Figure 1B and flicker is eliminated. Dynamic 
thermal equilibrium of an incandescent lamp is satis- 
factorily approximated at a frequency of 50 or 60 cps. 


Fluorescent Lamps. Under ordinary conditions of opera- 
tion, the dynamic characteristics of fluorescent lamps are 
relatively complicated because inertia effects are compar- 
atively small. Frequencies considerably above 60 cps 
are required to produce dynamic equilibrium. The mer- 
cury vapor in the tube is always partially ionized and the 
lamp may be considered as a resistor! whose conductance 
depends on the state of ionization of the vapor within the 
tube. A typical volt-ampere characteristic for a fluorescent 
lamp operated from a 60-cps inductive ballast is shown in 
Figure 24d. For an increasing current, the ionization is 
less at a given value of current than for a decreasing current. 
Thus the resistance is higher when the current is increasing 
than when the current is decreasing. The effect is similar 
to that shown in Figure 1 for an incandescent lamp but 
with two important differences: 


1. The loop is traversed in the opposite direction. 
2. The time of deionization of the vapor-filled tube is 
much smaller than the time of thermal cooling of the lamp 


filament. 


N Vv 
I I 
(A) (B) 


Figure 2. Typical volt-ampere characteristics for a fluorescent 


lamp; A, 60 cps; B, 3,000 cps 
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__ of ionization in the discharge reaches dynamic equilibrium. 
This requires frequencies about 50 times as high as are 


= cps. 
_ agreement with measurements made in collaboration with 
’R. A. Coradeschi on 40-watt 7-77 lamps at 3,000 cps 
_ which showed an increase in lumen output of 9 per cent 
_ if lamps are operated at rated current. 


A linear characteristic is eventually approached in both 
cases, but for the fluorescent lamp the curve of Figure 2B 
does not occur until the frequency is raised to about 3,000 
cps. Optimum operation of a fluorescent lamp requires 
that the frequency should be high enough so that the state 


employed ordinarily. 
Lumen Output. If dynamic equilibrium of the ionization 


_ within a fluorescent lamp is approximated, the lamp oper- 
_ ates more efficiently. As the frequency is raised the? 


number of lumens emitted per watt input to the lamps in- 


creases until it reaches a plateau at about 10,000 cps 
3 (Figure 3 and Table I). The maximum increase for any 
_ of the lamps shown in Table I is obtained with the “low 
_ brightness’” 7-77 lamp: an increase of 13 per cent at 10,000 


The Campbell-Schultz-Kershaw data are in fair 


The lumen output 
per watt from the lamps is, however, in excess of the Camp- 
bell-Schultz-Kershaw values, for the power input at rated 
current was found to be, not 40 watts, but 37.8 watts with a 


resulting over-all increase in lumen output per watt input 


of 15 per cent. 

Ballast losses are not included, of course, in the data 
considered in this paragraph. ‘The use of entirely different 
circuits at high frequencies provides a further saving. 
Exclusive of ballast losses, savings can be obtained in the 
power supplied to the lamps for a given lumen output of 
10 to 15 per cent by employing higher frequencies. ‘The 
data of Figure 3 indicate that no appreciable saving will be 
effected by raising the frequency above 10,000 cps. 


Lamp Life. The life of a fluorescent lamp is maximized 
by minimizing ion bombardment of the filament on starting 
and during steady-state operation. For long life, we need a 
quick start and the maintenance of dynamic equilibrium 
once the transient is completed. At higher frequencies 
the starting tends to be quicker and the starting voltage 
can be somewhat lower. As shown in Figure 2, dynamic 
equilibrium is attained. Thus the lamp life would be 
expected to increase when lamps are operated at frequencies 
above 60 cps. 

Tests made in collaboration with R. A. Coradeschi on a 
group of 16 40-watt 7-77 lamps at 3,000 cps showed an 
increase of 12 per cent in lamp life as compared to a group 
of 6 control lamps operated on conventional General 
Electric 89G400 ballasts at 60 cps. As the life of fluorescent 
lamps depends primarily on the number of starts and only 
to a minor extent on the length of time the lamps are 
burned, an on-off cycle of 10 minutes on to 5 minutes off 
was used to accelerate the tests. Lamps were operated at 
rated current with the circuit of Figures 4 and 5. The life 
test should be repeated, of course, under a variety of condi- 
tions and with larger groups of lamps. It is apparent, 
nevertheless, that there is a definite increase in lamp life 
as compared to standard 60-cycle circuits. It is felt that 
the 12-per-cent increase obtained with the first set of life 
tesis is, if anything, conservative. 
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Figure 3. With an increase in frequency the amount of emitted 


light per watt input is increased in fluorescent lamps up to 10,000 
cps at which point plateaus are reached 


Radio-Frequency Interference. Because of the poor wave- 
forms obtained in many 60-cycle circuits, fluorescent lamps 
produce annoying interference with radio reception. A 
Fourier analysis of such a waveform shows that it contains 
strong components in the radio-frequency range. It is 
these components which are believed* to be responsible 
for the static picked up on radio sets when fluorescent lamps 
are operated. 

As shown in Figure 2, the waveform at frequencies above 
60 cps becomes an excellent approximation to a pure sine 
wave. A Fourier analysis consists of one term. If the 
frequency at which the lamps are operated is at least 3,000 
cps and is not in the broadcast band, there will be no 
appreciable radio-frequency interference. 


Flicker and Stroboscopic Effect. The flicker of the light from 
a fluorescent lamp depends on the frequency at which it is 
operated, the waveform, and the decay rate of the phosphor. 
As most fluorescent lamps now manufactured use long- 
decay phosphors, the flicker of the light radiated from the 
mercury column is smoothed out before the light escapes 
from the tube. 

Hecht and Shlaer* showed critical flicker frequencies 
up to 63 cps. Thus, the light from the central region of a 
fiuorescent lamp, which flickers at double the operating 
frequency, will be fused satisfactorily even for 60-cycle 
operation. A component from the ends of the tubes® 
flickers at 60 cps and may cause annoyance if the lamps are 
not shielded from direct view. But at any frequency above 
60 cps, no flicker is detectable by direct observation of the 
fluorescent lamps. 

Stroboscopic effect is quite another matter. A light 
source which operates well above the flicker fusion fre- 
quency may do peculiar things to objects in motion. Rotat- 
ing machinery may appear to stand still when it is in 
motion, to go backwards when it actually is going forwards, 
or to rotate at an entirely deceptive speed. Under in- 
candescent lighting, where the per cent flicker varies® (at 
60 cps) from 5 per cent for a 100-watt lamp to 12 per cent 
for a 40-watt lamp, difficulty with stroboscopic effect is not 
experienced. The phosphors now being used on fluores- 
cent lamps have a sufficiently slow decay rate to reduce the 
flicker® from 100 per cent to 27 per cent for the warm white, 
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Table I. Lumen Output of Fluorescent Lamps as a Function of 
Frequency (at Rated Power Input) 

ete a ee a 

Lumens/Watt Expressed as Percentage of 60-Cps 


Values 
Frequency 40-Watt 40-Watt 96-Inch 
(Cps) T-12 T-17 T-12 
P 
(M0. 28 Aig «Rano ee NQOE ey anterale eqere ROR TOO ete reverie rae wiite 100 
EAD) Smo cicat bc Siteatcuts PORES GOL SE aehcn eee te LOT, eee ae 4 ster eee 102 
TROOOR rates ca cove Oe Sees 1040 eon i. te ve SOS ire ner veins anestereiets 103 
OOF ask act cern ett tact, bape ewe LOS), sto oc cat etn TAOD ss cteakee age aracalete 106 
OP OOOMr re cee Te a ene 1 rarer i cant 8 Aan UG Sea apt st | Sacer 108 


Table II. Design Data for High-Voltage Group Operation Circuit 


= 


Type of Lamp 


40-Watt 40-Watt 96-Inch 
T-12 T-17 T-12 
Rated lamp current (ampere)............-- 0.430 0.425 0.425 
Rated Yammy voltare nye cls nia\oiclaye sielelhi-iclele als 00 an 10305 va. 190 
Equivalent lamp resistance (ohms)......... ZO0 RY eer BADIM ..% 447 
Recommended minimum starting voltage. . . BSD asics S858. Cia. 625 
C G@microfarad) at 3,000 cps..............-. 0.0611 “a... 0.0607 =...) 00379 
=3 = =] 
Ramhenty) at 3000) CpSitocce c's oc vate => dae © events eee BC 
n n n 


n=number of lamps in one group. 


44 per cent for the cool white, and 58 per cent for the day- 
light lamp operated singly on an inductive ballast at 60 
cps. As the phosphor decay is exponential in character, 
increase in frequency swiftly will eliminate the flicker in the 
light from fluorescent lamps. Even at the lowest frequency 
that has been considered®,’ for “‘high-frequency”’ operation* 
of fluorescent lamps, namely 360 cps, the problems of flicker 
and stroboscopic effect simply do not exist. 


Acoustic Consideration. The hum from 60-cycle ballasts 
is a familar accompaniment to fluorescent lighting. Such 
noise results primarily from vibration of magnetic core 
laminations. The frequency of the mechanical vibration 
and of the sound radiated is twice the frequency of the 
applied voltage. 

As it is possible to replace most of the inductors required 
at 60 cps by capacitors at 360 cps or above, the new high- 
frequency circuits will tend to contain a smaller number of 
noisy elements than are ordinarily used at present. Also, 
by using the Group Operation Principle it is possible to 
place all inductors and transformers in wall boxes which 
can be acoustically treated. Thus, hanging luminaires 
no longer can act as sounding boards to amplify ballast 
noises, 

Nevertheless, hum from the auxiliaries is always present 
to some degree and it would be advantageous to choose 
the frequency of operation so that such noise falls in the 
least objectionable frequency range. According to Knud- 
son and Harris* minimum masking effect will occur if the 
frequency is near the top of the audible spectrum. ‘‘Low- 
pitched tones....produce a marked masking effect upon 
high-pitched tones, whereas high-pitched tones produce 


*“Tnvestigation of Fluorescent Lamps at Frequencies Above 60 Cycles,” Kuo-Shu 
Chao. Master of Science Thesis, Electrical Engineering, Massachusetts Institute of 
Technology, Cambridge, Mass., 1949. 

“Fluctuations in Color and Helios of a Fluorescent Lamp,” J. A. Losh. Bachelor 
of Science Thesis, General Engineering, Massachusetts Institute of Technology, Cam- 
bridge, Mass., 1950. 
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only little masking effect upon low-pitched tones.” The 
frequency range for ordinary speech runs from about 100 
to 7,000 cps, while the ear’ is most sensitive at about 3,000 
cps. Therefore the most objectionable frequencies of 
ballast noise are in the range 100 to 3,000 cps and the least 
objectionable near 7,000 cps or above. A frequency of 
60 cps gives noise at 120 cps and is particularly effective in 
masking the entire range of frequencies used in speech. 
A circuit frequency of 1,000 cps gives 2,000 cps noise which 
is near the peak of the aural sensitivity curve. With a 
3,000-cps generator, the noise occurs at 6,000 cps in the 
upper part of the range of frequencies used in speech. 
Masking of speech is negligible. Also, sound at this fre- 
quency may be inaudible to a large fraction of adults whose 
ability to hear high frequencies has decreased. Thus, for 
minimum acoustical interference from vibrations in the 
auxiliary equipment a frequency of at least 3,000 cps should 
be used. 


Weight of Auxiliary Equipment. While the electrical charac- 
teristics of a fluorescent lamp may vary somewhat with fre- 
quency, the reactance required for current limitation is 
essentially constant. But since the reactance is X, = 2xfL or 
Xo = 1/2nfC, the magnitude of the inductance L or capa- 
citance C’' varies inversely as the frequency. For a given 
design of reactor the required weight is therefore approxi- 
mately inversely proportional to the frequency. Ifthe same 
circuit is used, a change from 60 to 3,000 cps might be expec- 
ted to produce a reduction in weight of auxiliary equipment 
by a factor of 50! Variations in design, as frequency is 
changed, will produce deviations from this simple rule 
but will not alter the fact that increase in frequency will 
produce marked reduction in the size and weight of current- 
limiting and starting devices. 


MOTOR-GENERATOR 


Figure 4. 


A, B, C, ..., Z represent groups of lamps, each con- 
trolled by a single switch and connected as shown in Figure 5 or 
Figure 6 


GENERATOR 
OUTPUT 


CONTAINED IN SWITCH BOX 


FLUORESCENT LAMPS 


Figure 5. High-voltage group operation circuit | | 
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_ GENERATOR 


OUTPUT 


re ay ese 


CONTAINED IN SWITCH BOX 


FLUORESCENT LAMPS 


Figure 6. Low-voltage group operation circuit 


Transmission. A question might be raised as to the 


__ distances over which higher frequencies can be transmitted. 
_ Consider a quarter-wavelength criterion as a basis of com- 


parison: 


Frequency (Cps) 1/4 Wavelength (Miles) 


AD. S28 OT aes Bite, RM CT ine Mn 68 778 
BOOP SRR eney. MUSEU ee ear ior Toh), ka 155 
A000 RPE tee APR fr hE crag as Ce Ce, . ent 47 
BAO00 ee eee we ere tke tae ge tk ORIEN OTERO 16 
TOSO00 SPE stom AA oat ER Cay Me 5 


It can be concluded that even at 10,000 cps no difficulty 


with fluctuating line voltage will be experienced up to 
distances of 5 miles. If greater transmission distances 
are desired, they can be used; judiciously placed compensat- 
ing capacitors are the only additional equipment that is 
required. 


CIRCUITS 


I THE MOST common case, in which power must be ob- 
tained from a 60-cycle supply, the circuit shown in 
Figure 4 can be used. A motor-generator set converts to a 
higher frequency. The Group Operation Principle 
is employed. In most applications entire rooms are to be 
illuminated; not one or two fluorescent lamps, but the 
entire group controlled by a single wall switch are to be 
operated. Therefore it is advantageous to design the 
auxiliary circuit for an entire group of lamps and to incor- 
porate as much as possible of the circuit into the wall switch 
casing. 

In d-c districts, fluorescent-lamp operation is not eco- 
nomical without use of a motor-generator set. The fre- 
quency should be chosen for optimum operation of fluores- 
cent lamps and should be not 60 but 3,000 to 10,000 cps. 
If a large factory or office building is to be supplied by its 
own generating station, the generators can be designed for a 
suitable frequency with little added expense. 

For the group operation of fluorescent lamps two systems 
have been designed and tested in collaboration with Pro- 
fessor J. R. Harrison and R. A. Coradeschi at 60, 360, and 
3,000 cps. Figure 5 shows the system to be used when the 
high-frequency supply is designed to give the starting voltage 
required by the lamps. The capacitors C limit the lamp 
current to rated value, while the inductor L provides unity 
power factor at each switch. Some typical design data for 
the high-voltage group operation circuit of Figure 5 are 
given in Table II. 
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In some cases, it may be inadvisable to use the full starting 
voltage of the lamps between line wires of the distribution 
system. Then a different circuit, Figure 6, may be em- 
ployed. The switch box contains an autotransformer, an 
inductor, and a 3-position switch. In the off position, 7, 
the autotransformer is not connected to the lines. The 
switch is designed so that it moves to position 2 for a pre- 
determined time and then automatically continues to posi- 
tion 3 where it remains during operation. In position 2, 
the starting voltage V; is supplied to the lamps. An in- 
ductor is placed in parallel with the group of lamps to 
provide unity power factor. The transient is easily ad- 
justed to the optimum for the lamp by design of Lg. and 
by the timing of the switch. The voltage V2 supplied for 
steady-state operation of the lamps can be much less than 
V,. The capacitors C must provide a reactance of the 


Table III. Data for Calculating Cost 
40-Watt 40-Watt 96-Inch 
T-12 Lamp T-17 Lamp T-12 Lamp 
3,000 60 3,000 60 3,000 60 
Quantity Cps Cps Cps Cps Cps Cps 
Bu(lumen) 5 ycterce-taies kesieyes aera 2,540... 2,350... 2,580.2. 2350... 5,240... 45950 
Pe ases so pode sone Seaodsse 0.10 6.10..5 O.105. “0.10.2. 0 10h 0 k0) 
Cost of luminaire per lamp.... 686¢ 686¢... 936¢.. 936¢... 1547¢.. 1547¢ 
Cost of ballast per lamp...... 95¢.. 31445009 976... SIAg 9 95¢ 04556 
Cost of motor-generator per 
lamp at $100/kva.......... AOS Ge dieteerekersiene LVR ROBOTS ABS USO, Ao tas6 
Riidd goosbwoROEnEaniee toes 1,184¢..1,000¢...1,456¢..1,250¢...2,406¢..2,000¢ 
t (hours per year)............ 2,500.. 2,500... 2,500.. 2,500... 2,500.. 2,500 
BiG si wh)iewcsessusmtastcss si NSC Ree: Pepe oss Sh BU ee yl ‘abhs. G58) 
Power to lamp (watt)........ 396 BO ire 41.. 41... 74., 74 
Power to ballast per lamp 
(CWAEE) Srmercstiareeieis sree nies te2 Sere 11a Leos. 11 Tee 2s 16 
Power to motor-generator per 
lamp (watt)... 2222.02. - 00. Ws OD ieias eryye siete TOD tore terete eter PREV RSS 6 
P (watt)....... 48 50 50 52) 90 90 
c (cents)... eo Ofer Pico 2X 208. 280 280 
EEN (hOUN) seerre cette cote ercars 2,800.. 2,500... 2,230.. 2,000 2,800.. 2,500 
Table IV. Cost Per Million Lumen-Hours 
40-Watt 40-Watt 96-Inch 
T-12 Lamp T-17 Lamp T-12 Lamp 
Cost Saving Cost Saving Cost Saving 
(Cents) (Per Cent) (Cents) (Per Cent) (Cents) (Per Cent) 
60 cps 
Conventional instant 
start ballast......... Pistia OP aromravere ERAS G58 Osmo ocnttt 66:0. 05... 0 
3,000 cps 
Circuit of Figure 5 
with motor-genera- 
torset costing $100/- 
tis Go oucina Aon 60 Ovriareis Hea srorstatere 88), O Faves LA ieranesteve GSA ewes 4.4 
3,000 cps 
Circuit of Figure 5 
with motor-genera- 
tor set costing $25/- 
via ones cine ominececee Opies S36 US ecetelcstete Be Weondad Gear 58.8 Te 
3,000 cps 
Circuit of Figure 5 
without motor- 
generator set........ Bi ereteues We mesa ac BUS ens sot: Sonoma Die aierolatels 13 


Table V. Weight of Auxiliary Equipment Per Lamp 


40-Watt 40-Watt 96-Inch 

T-12 Lamp T-17 Lamp T-12 Lamp 

3,000 60 3,000 60 3,000 60 

Cps Cps Cps Cps Cps Cps 
Ballastss;.hacchisae =: (iW lena aes ponpee OTS Sepael Sern cates 0.1735)... 6.00 
Motor-generator set...2.28 .......-++020+5- DEON iorcrhetetes<iete nro’ PSY Marah CNS 1.0 
Notalag cad teatasnpys te DA eave sakes AN ABs axethas Zi DQ aisltks lk Deremtohes A. 5A. wre iO 50, 
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same order of magnitude as the equivalent lamp resistance, 
if stability is to be attained. Vj is adjusted to supply 
rated lamp current. The chief disadvantage of this 
circuit is that a complex switch must be used. Its advan- 
tage is the flexibility with which the transient can be con- 
trolled and the comparatively small power losses (as com- 
pared with conventional 60-cycle ballasts). 

The circuits of Figures 5 and 6 are especially adapted to 
high-frequency operation. However, if the series capaci- 
tors are replaced by series inductors and the power factor 
correcting inductors are replaced by capacitors, these group 
operation circuits also have application at 60 cps. Losses 
are reduced to about 10 per cent of those obtained with 
conventional ballasts and weight to about 20 per cent of 
the weight of ordinary 60-cycle ballasts, for the circuit of 
Figure 6, and even more radically for the high-voltage 
circuit of Figure 5. It would seem that such group opera- 
tion circuits would find extensive application in lighting 
practice. 


COST 


Nee HAVING considered the many advantages of 
employing a higher frequency such as 3,000 cps, the 
final question is, “How do the costs compare with those of 
conventional 60-cycle circuits?” The high-frequency sys- 
tem has the economic advantages of higher lumen output, 
longer lamp life, and replacement of the conventional bulky 
and expensive ballast by miniature, inexpensive capacitors 
and inductors. It has the disadvantage that a motor- 
generator set must be purchased, unless it is possible to 
build a generating station for the desired frequency. 

A valid way of comparing different systems is to determine 
the cost per million lumen-hours. It is calculated according 
to the equation® 


105 iC PObi sc ef 
ae —— +— | cents/million lumen-hour 


t 1000 L 


where F = pharos (lumen) from one lamp; k, = factor 
depending on interest, depreciation, and maintenance; 
C = initial cost of lighting installation per lamp(cents) ; 
t = hours operation per year; b = cost of electric energy 
(cents per kilowatt-hour); P = power input for one lamp 
(watt); ¢ = cost of renewal lamp (cents); ZL = life of lamp 
(hour). 

Typical conservative data for three important types of 
fluorescent lamps are given in Table III. The results are 
summarized in Table IV. 

It will be noticed that, even if the motor-generator set 
costs as much as $100 per kilovolt-ampere, the 3,000-cycle 
system never exceeds the cost of the conventional 60-cycle 
system. If the motor-generator set can be eliminated 
entirely, as in a large factory that generates its own elec- 
tricity, the savings are between 13 and 18 per cent of the 
cost of a conventional lighting system. A reasonable esti- 
mate of quantity costs of such frequency conversion equip- 
ment is $25 per kilovolt-ampere. For this cost, the financial 
savings are 12 to 16 per cent. 

According to the data shown in Table IV, the costs of 
operating either the 40-watt 7-72 or the 96-inch 7-72 
lamps are roughly comparable. The cost of operating the 
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«low-brightness” 7-77 lamp is 50 per cent more. Thus, 
it is clear that the use of bare, low-brightness lamps to save 
purchasing a quality fixture is distinctly false economy. 

Perhaps one of the greatest advantages of the 3,000- 
cps circuit is that auxiliary equipment virtually is eliminated 
from the luminaire (Table V). Only one miniature capaci- 
tor (about 0.05 microfarad for the lamps considered) must 
be placed in the luminaire in series with each lamp. A 
small inductor for power-factor correction fits into the 
switch box. The combined weight of capacitors and in- 
ductors (per lamp) is about 3 per cent of the weight of the 
conventional ballasts. Even if a motor-generator set must 
be used, the over-all savings on weight of auxiliary remain 
high, running between 30 and 42 per cent for the lamps 
considered here. 


CONCLUSIONS 


pH Ds FOREGOING sections have shown that optimum 
operation of fluorescent lamps is obtained at frequencies 
in the range of 3,000 to 10,000 cps. If the lamps are oper- 
ated at 3,000 cps, for example, the system is both practical 
and economic. The following advantages are obtained: 
(1) Linear volt-ampere characteristic for fluorescent lamps; 
(2) Sinusoidal waveshape; (3) Larger lumen output at 
rated power input (between 6 and 15 per cent increase); 
(4) Increased lamp life (12 per cent or more); (5) No visible 
flicker; (6) No stroboscopic effect; (7) Bulky, heavy ballast 
eliminated from luminaire; (8) Unity power factor load; 
(9) Low ballast losses (savings up to 28 per cent with 
motor-generator losses included and nearly 90 per cent if 
power is generated at 3,000 cps); (10) Quick starting; 
(11) No audible ballast hum; (12) No radio-frequency 
interference; (13) Weight of metal required for lamp auxil- 
iaries reduced (savings of 30 to 42 per cent if motor-genera- 
tor set is used and 97 per cent if power can be generated at 
3,000 cps); (14) Over-all cost of lighting system reduced 
(savings of 4 to 16 per cent with price of motor-generator 
included and 13 to 18 per cent if power is generated at 
3,000 cps). 

The engineer who is designing any large lighting system 
should give careful consideration to the advisability of 
shifting from 60 to at least 3,000 cps. 
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ING fans have been used- 
for many years to obtain 
increased ratings on electric 
apparatus. The large liquid- 
filled power transformer is 


one of the most natural applications for this type of 
cooling of any of the electric devices. 


The radiators 
which are supplied on the transformer to obtain the self- 
cooled rating offer large surface areas which are cooled 
for the most part by convection. The use of forced-air 
fans to accelerate the convection process results in an 
increase in efficiency of this surface as much as 200 per cent, 
see Figure 1. 

To accelerate convection it is necessary to supply rela- 
tively large volumes of cool air at moderate velocities 
over large surfaces. A natural wind with a velocity of 
15 to 20 miles per hour will produce this result. It also 
can be produced by locating several individual fans at 
advantageous places at or near the cooling surface of the 
transformer. Various methods of applying fans to power 
transformers will be described. 

With the increase in size of power transformers, this 
type of supplementary cooling becomes more and more 
valuable. The radiators that are necessary to self-cool 
a large power transformer often require more space than 
the transformer itself. This space can be materially 
reduced by the use of forced-air fans. It would be im- 
practical and uneconomical to build units above 150,000 
kva (except water-cooled) without the use of forced-air 
fans. On these large units, fans, in conjunction with 
oil-pumping equipment, permit the basic transformer 
parts to be kept within manufacturing, shipping, and field- 
handling limitations. At present about 75 per cent of all 
power transformers 10,000 kva and above are equipped 
with fans at the factory, and a great many more fans are 
applied in the field. 


APPLICATION 


PERATORS GAN USE forced-air cooling in several ways 
O; obtain the best advantage. Fans can be run 
continuously or intermittently, depending on various 
factors which are peculiar to each individual installation. 

One practical method of applying forced-air cooling is 
to build the transformer with enough radiators to self-cool 
the average load, and provide fans to take care of peak 
loads and unexpected overloads. This practice combines 
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methods, their application to power trans- 
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the complete reliability of self- 
cooling with the inexpensive 
means of obtaining additional 
capacity by the use of fans. 
Another advantage of this 
arrangement is that the fan 
noise is only present during periods of peak load, which 
almost invariably concur with periods of high ambient 
noise. 

Continuous fan operation also offers certain advantages. 
Where the transformer is supplying a steady load and 
where fan noise is of little consequence, continuous opera- 
tion of fans will permit the purchase of a smaller trans- 
former. Control problems are eliminated when fans are 
operated continuously. 

Even in cases where the load cycle would permit shutting 
off the fans at certain intervals, it sometimes may be 
desirable to continue their operation. The lower loss 
which results from the lower copper temperature thus 
obtained will usually more than take care of the additional 
power required by the fans. Thus, an over-all decrease 
in total loss is obtained. In addition to the lower loss, a 
theoretical increase in transformer life will result from the 
lower temperatures obtained by running the fans. 


NUMBER OF RADIATORS 
220 IN BANK 


cool | | a 8 


PER CENT INCREASE IN CONVECTION 


» o © 9 
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nN Nu a Nu S 
AIR VOLUME(G.E M)PER FOOT OF LENGTH OF END RADIATOR 


Figure 1. Curve showing per-cent increase in convection 
obtained by mounting forced-air-cooling fans on the end of a 
bank of flat-fin radiators 
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Figure 2 (left). Early method of forced-air cooling, using a 

central blower supplying air to the coolers through metal ducts. 

Figure 3 (right). Forced-air cooling obtained from individual 
fan housings mounted on the outer edge of each cooler 


Usual designs of large forced-air-cooled power trans- 
formers allow for a 33'/3-per-cent increase in load when 
fans are running. Where 67-per-cent increase in capacity 
is required, it is more practical to use a combination of fans 
and oil-circulating pumps. The increase in oil velocity 
made possible by the pumps enables the heat to be carried 
away more rapidly than with fans alone, and results in 
small differences between top and bottom oil temperatures. 
The lowered temperature of the top oil results in lower 
winding hot spots. 

Most self-cooled transformers can be equipped with 
fans in the field to obtain some amount of increased ca- 
pacity, depending on the original design and its present 
condition. Where the unit was not originally designed 
for future application of fans, the internal parts such as 
leads, tap changers, and bushings may be the limiting 
factor. One of the following methods can be used to apply 
fans to field units. 

Early attempts at forced-air cooling of oil-insulated 
transformers followed the existing practices used in air- 
insulated types. A central fan of the ventilating type was 
encased in a metal housing and by means of metal ducts 
blew air on the radiator cooling surfaces. An example 
of this type is shown in Figure 2. While this method 
gave adequate cooling, there were several factors that 
led to its abandonment. 
quired for the fan housing, and the duct work was difficult 
to design, manufacture, and install. 
to lay out and fit the metal ducts on each particular 
application. The motor and fan had to be specially 
designed and in general the sound level of such installations 
was quite high. 
made the duct work increasingly intricate, impractical, 
and expensive. 

The individual fan housing and duct was developed, as 


Valuable floor space was re- 


Time was required 


Continuing increase in transformer size 


shown in Figure 3, to overcome the preceding objections. 
The combination fan housing and air duct was made to 
slip over the end of each individual cooler, and to blow the 
air up along both sides of the cooler. This arrangement 
made it possible to use standard assemblies and fans, 
and made it unnecessary to design an air duct system for 
each particular job. Still there were some difficulties 
that this scheme did not solve such as the need for a large 
number of fans and the installation problem. Also a 


slight increase in floor space still was required. 
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The introduction of the flat-fin-type radiator in 1930, 
permitted the next practical improvement in the method 
of applying forced-air-cooling fans. With this new radia- 
tor, flat-fin cooling elements were used instead of round 
tubes. Any required number of these radiators can be 
mounted on the wall of the transformer case. When 
mounted side by side in this manner, a series of continuous 
ducts is formed through which air can be forced very 
easily and efficiently by means of one or more fans on the 
end of the bank. See Figure 4. By this arrangement the 
number of fans required is radically reduced, since it is 
no longer necessary to mount a fan on each radiator. At 
the same time the mounting is made simpler, maintenance 
and replacement becomes a relatively easy matter, and no 
additional floor space is required. 

On smaller transformers with tubular coolers the same 
fan is used under the tubes as shown in Figure 5, or mounted 
on the side of the tubes at an angle. The former method 
is used when providing new transformers with fans at the 
factory, and requires space under the cooler to mount the 
fan assembly. Because of this space requirement some 
field jobs may not be adaptable to the under-tube type of 
mounting. For those cases, the side-of-tube angle mount- 
ing can be used. 

The same type of fan used with a forced-oil-to-air heat 
exchanger is shown in Figure 6. In this application the 
fan is enclosed in a sheet-metal housing and arranged so 
as to draw air through the tubes and away from the trans- 
former. In this manner recirculation of air is minimized. 

Another practical application of the forced-air fan is 
the separately mounted type shown in Figure 7. If the 
floor space is available, this type can be made very effective 
by proper location of the fans. The best cooling obtainable 
with this fan is an arrangement that creates a vortex of air, 
with the cool air being brought in at ground level, circulated 
around the coolers, and the warm air pushed upward away 
from the transformer. 

The choice of the particular type of fan cooling depends 
on many factors and varies with the installation. Space, 
load, sound ambient, as well as economic considerations, 
are all involved, and the proper weighing of all these factors 
is necessary to obtain the most suitable application. 


FAN REQUIREMENTS 


d ies ARE SEVERAL ATTRIBUTES of a good forced-air- 
cooling fan for use with transformers. For the most 
part they are factors which are interrelated, so that a 
satisfactory compromise must be made on some charac- 
teristics to obtain the desired over-all performance. 

1. Aur Delivery. It is obviously desirable to have a fan 
which delivers large quantities of air so that the total 
number of fans required for a particular application can 
be kept to a reasonable figure. The fan size and speed 
and the blade configuration and pitch all can be varied 
to give more air. These factors, however, also contribute: 
to the sound level of the fan, which in some instances is the! 
characteristic which imposes the limit on transformer} 
performance. Modern forced-air-cooling fans deliver air) 
volumes of 3,000 to 7,500 cubic feet per minute, with) 
air velocities of at least 1,000 feet per minute leaving the: 
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fan. Some large power transformers require as much as 
300,000 cubic feet per minute of air at their forced-air 
rating. 

_ The air volume versus sound level relationship for typical 
forced-air-cooling fans is given in Table I. 


Table I. Performance of Typical Forced-Air-Cooling Fans on 
Power Transformers 


Air 
Fan Volume* Motor Input 
Diameter Per Cent Fan Noise} Volt- 

Fan (Inches) of Fan A Decibels (40) Amperes Watts 
PHOS OOS Oe PAS cn 6 ood IVE care rae! 50 ODOR oa 6 BO eS 6 a a teior AeA 
os gS ORB OOS eS Hososanbou¢ wleoeimobs dasaeoSeoenbeaar cer: lag cutoecomarAl. 

Prerderai ae QO aet He lspeterets FOL FRM Tislalers ek ty O 4a Oberst aoaria as 240. dclae aa een ele 

sD oes 2D a oS mente alee Se CHORE IRE ROA OO Ee FER Ce) De Matis 5 OF 

Epa ate eatels. Dn Sees ris DU relent alelata 4O1)>, sais ere sielels LO On eta ii te rs OF 
Bereta aiifas tative GP ptesrarotteisy 440s ere, os creniys DOA “sea ais Woda ee array oil 4 


* Measured with anemometer per preliminary National Electrical Manufacturers 
Association (NEMA) Standards 7-FM. 
{7 Measured on 6-foot radius from fan per NEMA Standards TR-730. 


2. Sound Level. The sound level of a fan must be kept 
low enough so that it does not penalize the transformer 
design. If fan noise is high, it is necessary to design the 
transformer to a lower than normal sound level. National 
Electrical Manufacturers Association (NEMA) standards 


- permit in general a 3-decibel increase in total transformer 


sound level when forced-air fans are applied to a self- 
cooled transformer. Since the addition of two equal sound 
levels results in approximately a 3-decibel increase, this 
means that the sound level of the required number of fans 
approximately should equal that of the transformer alone. 


3. Fan Speed. The other factor which is related closely 
to fan noise and air volume is the fan speed. For many 
years standard motors having a speed of 1,725 rpm have 
been used and are today suitable for most applications. 
In some special cases where fan noise becomes excessive 
due to the large number of fans, or in situations where 
extra low sound levels are required, motors running at 
1,140 rpm are being used. In a few very special applica- 
tions the speed has been reduced further to 860 rpm. It 
is to be noted, however, that a mere change in speed is 
not sufficient for best fan performance, since fan blades 
are designed for a certain optimum speed and lose much of 
their efficiency at a lower speed. A complete redesign of 
the blade is necessary for best efficiency at slow speeds. 

It can be stated in general terms that for two fans de- 
livering equal air volumes, the one having the lower tip 
speed will have the lower sound level. There is, however, 
a limit to the amount of speed reduction that can be 
tolerated due to the need for sufficient air velocity to obtain 
adequate cooling efficiency. 


4. Vibration Damping. A rotating fan cannot be 
expected to run free of vibration even though it is statically 
balanced. Certain forces of unbalance are created by 
the motor rotation, air pressure on the blade, and various 
other factors thus leading to vibrations. While usually of 
a minor nature, they can be amplified many times by 
sympathetically induced vibrations in surrounding me- 


diums. 
The effect of fan vibration on radiators can be mini- 
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mized either by spring mounting or by solid mounting. 
The use of rubber or neoprene shock mounts can be effec- 
tive, but considerations of cost, expected life, and sag make 
it less attractive than the extremely rigid structure shown 
in Figure 8. The angle ring which is used as a shroud 
is the foundation of a strong steel combination guard and 
motor mount which has proved very effective in reducing 
vibration effects. 

Another medium that can transmit the fan vibrations is 
the conduit formerly used to make electric connections 
between fans. The use of flexible neoprene connecting 


cable between the fan motor and the supply conduit has 
eliminated this effect. 


Figure 4 (left). Modern method of forced-air cooling, using a 

small number of fans on the end of a bank of flat-fin radiators. 

Figure 6 (right). Forced-oil-to-air heat exchanger mounted on a 
transformer 


Forced-air-cooling fans mounted under a row of 
tubular coolers 


Figure 5. 
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Figure 7 (left). 
8 (right). 


Portable-type forced-air-cooling fan. 
Close-up of modern forced-air-cooling fan mounted 
on the end of a bank of tandem radiators 


Figure 


5. Weatherproof Construction. Until the introduction 
of the outdoor-type motor in the late 1930’s it had been 
necessary to go to elaborate means of providing a weather 
shield over the motor. For periodic greasing a long 
extension tube was added to the grease fitting to make it 
accessible from the outside of the weather shield. Modern 
outdoor-type fan motors have eliminated these gadgets 
and have given very satisfactory performance in all kinds 
of weather. They are simple to mount and easy to install. 
They require very little attention other than an occasional 
inspection, greasing every 1 to 2 years, and painting 
whenever the transformer is painted. In a few cases 
where water has gotten inside, the motor has been drained 
out, dried, and put back into service. 

It also is necessary that the fan blade be made of weather- 
proof material. A cast aluminum-alloy type of blade has 
been used with very good results in regard to corrosion and 
exposure. Experience during the war years with wood and 
plastic blades proved far from satisfactory. It is possible 
that some of the new plastics will produce a blade that is 
suitable for outdoor service, but none has been available 
thus far. 

An additional advantage of the cast-aluminum blade is 
in regard to the sound level. The audible sound from the 
cast blade is duller and less obnoxious than the sound 
produced by the sheet-metal type of fan blade. 


6. Motor Protection. Built-in Thermoguards recently 
have been added to fan motors to provide overload pro- 
tection. ‘This further simplifies the air-blast fan application 
by eliminating the need for fuses and fuse boxes. It no 
longer is necessary to replace fuses when fans have been 
stalled due to snow, ice, or any other reason. 

The Thermoguard is a temperature-actuated snap 
switch which opens when dangerous temperatures are 
reached and closes when the motor has cooled sufficiently 
to be put back on the line. Placed in one line of a single- 
phase motor and in two lines of a 3-phase motor, it provides 
complete protection against overloads, locked rotor, and 
in the case of 3-phase motors against single-phase burnouts. 
In a laboratory locked-rotor test, a total of 32,000 Thermo- 
guard operations were observed with no damage to motor 
or Thermoguard. 
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7. Reliable Starting. Sufficient starting torque is neces- 
sary for a good forced-air-cooling fan. This is no problem 
on the 3-phase motor, and with proper selection of capaci- 
tor, the single-phase motor can be made adequate. The 
use of internal switches has proved inferior to the single- 
phase capacitor-start capacitor-run type of motor. 

The question of motor reversal often has been discussed 
in regard to forced-air fans. In cases where a natural 
breeze has caused the fans to be turning in the direction 
opposite to the normal rotation, it has been questioned 
whether the fan will reverse and run in the right direction 
when the fan is energized. Three-phase motors will do 
so, but it is quite possible for a single-phase fan to con- 
tinue to run in the wrong direction, with a subsequent loss 
in cooling efficiency. Since reverse rotation in no way will 
cause damage to the motor, this operation is entirely 
satisfactory, for the cooling derived from the natural breeze 
should more than compensate for the loss in fan efficiency 
due to the reversal. 

Due to the foregoing factors, the 3-phase motor offers 
more attractive over-all advantages than the single phase 
for transformer cooling fans. More starting torque, 
complete reversal, and elimination of the capacitor all 
favor the use of the 3-phase motor. 


8. Unit-Type Assembly. A unit type of fan assembly is 
much to be desired, especially in field maintenance or 
field application work. The fan assembly shown in 
Figure 8 can be electrically unplugged and mechanically 
removed without de-energizing the fan circuit, resulting 
in a great savings in field replacement. It also makes it 
possible to carry one or a very few spare fans which can be 
installed immediately in place of a removed fan. 


CONTROL 
ONTROL OF forced-air fans can be manual or automatic. 
Automatic starting can be actuated by hot-oil 
temperature devices, hot-spot temperature devices, or 
thermal-overload relays. 

Manual control of fans is the simplest method to supply 
on new transformers, and obviously offers the simplest 
answer to field installations on transformers where no 
provision has been made for automatic control. In 
attended stations, the operation of the forced-air fans can 
be co-ordinated by the operator with readings of trans- 
former load, current, temperature, or any combination of 
these conditions. One advantage of this type of control 
lies in the ability of a human being to make certain de- 
cisions that are beyond the scope of a simple automatic 
device. Manual control, with its lack of maintenance 
problems, is very attractive to many operators. 

Automatic control by hot-oil temperature is the next in 
line as regards simplicity. A thermometer or thermostat, 
with its bulb immersed in the transformer top oil, can be 
used to actuate the fan starting switch at a predetermined 


temperature. This presupposes that the top oil tempera- 
ture variations are a suitable measure of the transformer — 
temperature, which is the case in generating station trans-_ 
formers or other applications where rapid load variations : 


are very rare. 
Where operating conditions permit rapid load changes, 
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the relative time constants of the transformer copper and 
oil make it possible for the oil temperature to lag too far 
behind the winding temperature to be of practical value 
in controlling fan operation. For this type of condition 
a thermal relay, type TRO,}! is available. The TRO relay 
is a device which closely follows the ability of the trans- 
former to carry loads in accordance with existing American 
Standard Association Guides. In addition to starting 
the fans, the TRO relay is used to indicate the approach 
of dangerous winding temperatures, and finally to sound an 
alarm or trip the circuit breaker if the increase in tempera- 
ture rise persists. This relay also is provided with an 
indicating dial to give the operator a continuous reading 
of the thermal load on the transformer. 

Another device that sometimes is used to start fan opera- 
tion is the hot-spot thermometer. This device is essen- 
tially a thermometer or thermostat with the bulb encased 
in a heating coil and placed in the top oil. A current 
proportional to the load is circulated through the heating 
coil by means of a current transformer. In the calibration 


of this device an arbitrary hot-spot allowance is added to | 
the copper-to-oil difference to enable the bulb temperature — 
to simulate the winding hot spot rather than the winding | 


temperature. 


CONCLUSIONS 


Altes FOREGOING DISCUSSION outlines the types of forced- 
air fans and control methods that are available, and 
their application to power transformers. Each of these 
types has its value for particular installations. 
that a better understanding of the available methods of 
forced-air cooling will result. In this manner, the operator 
can determine the best application to meet his require- 
ments, and the manufacturer can be sure of supplying the 


type of equipment that the industry needs. 
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Noise and Crosstalk Control on N1 
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The most important sources of noise—system 
noise, secondary induction from telephone 
plant and external sources, and nonsoldered 
cable pair joints—are discussed together with 
the methods of alleviating the trouble. Al- 
though control of crosstalk had been facilitated 
by the N1 system design, it still has to be dealt 
with in connection with transverse crosstalk, 
crosstalk in lateral cables, and interaction 
crosstalk at repeaters and at terminals. 


for short- and medium-haul service and to make use of 

existing and new cable plant with a minimum of 
special treatment. As compared to other types of carriers, 
the lower transmission levels of the N7 system tend to make 
it more susceptive to interference from external sources. 
The use of higher line frequencies with the corresponding 
decrease in coupling loss between line conductors tends to 
increase the amount of crosstalk between carrier systems. 
While the technical features of the N7 system already have 
been described! it may be well to review some of the char- 
acteristics that are of interest in connection with the control 


5 fie 12-channel '7-carrier system is designed primarily 
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of noise and crosstalk on message circuits. These include: 


1. Transmission of both sidebands and the carrier. 

2. Acompandor per channel. At the transmitting end, 
a compressor raises the average talker volume by about 
10 decibels and reduces by one-half the normal range of 
talker volumes. At the receiving end, a complementary 
expandor restores the talker volumes to their normal range. 

3. Transmission in the two directions in different fre- 
quency ranges on separate pairs in the same cable. Low 
group frequency range, 44-140 kc; high group range, 
164-260 kc; frequency inversion at each repeater by 
modulating the signal with a 304-kc carrier. 

4. In each repeater section the carriers at the high-fre- 
quency end of the band are transmitted at higher level than 
those at the low-frequency end. Due to the increase in 
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Figure 1. Secondary induction from telephone plant 


attenuation with frequency, the relative levels at the receiving 
end are reversed. 


CONTROL OF NOISE 


Noise Objective. In general, the effective noise on an 
N17 channel should not exceed 31 decibels adjusted referred 
to the zero level point. Under the Bell System General 
Toll Switching Plan for dial operation, the terminal net 
loss of a single circuit will vary from about 4.5 decibels up, 
depending upon the type of facility and the length of the 
circuit. If this objective is met, the maximum noise on 
even the lowest loss circuit will be about 5 decibels below 
the level at which the average subscriber would become 
conscious of its presence. Since the expandor in each N7/ 
channel terminal is designed to have a hangover time of 
about 40 milliseconds to avoid clipping the trailing ends 
of syllables, the noise present at the end of a high level 
signal is not as fully attenuated as during the silent interval. 
To achieve the equivalent of 31 decibels adjusted of noise 
on a noncompandored system, it has been found that the 
silent interval noise, as measured with a Bell System 2- 
type noise set, should not exceed 26 decibels adjusted. 


Sources of Noise. The principal sources of noise en- 
countered in the operation of N/ systems and the meas- 
ures taken to mitigate them are as follows: 


1. System Noise. By design, the noise contributed 
by the repeaters and terminal equipment have been 
held to about —38 decibels adjusted of equivalent 
input noise for a 200-mile circuit. This noise consists 
of the usual “‘first circuit shsh”’ and interchannel modula- 
tion due to the nonlinearity of the modulators and de- 
modulators. ‘The noise from these sources is so low as 
to be masked by noise from other sources. 

The N7 system uses “out of band” signaling employing 
both sidebands of a 3,700-cycle tone, transmitted 15 
decibels below the carrier level. Since the channel 
filters do not entirely suppress these signaling tones, 
a small amount of noise leaks into the message channel. 
This noise is not generally significant since the signaling 
tone usually is removed during the talking period and is 
transmitted at a low level. 

A thermal noise generator is provided in the trans- 
mitting terminal of the V7 system to furnish a controllable 
amount of steady hiss-type noise that may be used to 
mask low-level crosstalk or cross-modulation. Even 
with the maximum output of the generator, the thermal 
noise produces a negligible impairment to message 
circuit transmission while masking the crosstalk by 
about 5 decibels. So far no use has been made of this 
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technique, but it is possible it will be employed as the 
number of N7 systems in nonquadded cables is increased. — 


2. Secondary Induction From Telephone Plant. The 
operation of relays and switches in a telephone office 
puts noise voltages between the office wiring and ground. 
While the office wiring associated with the V7 systems 
consists of shielded pairs, this noise is picked up by non- 
carrier wiring over which it travels longitudinally to 
pairs in the same cable sheath as the N7 pairs. Due to the 
high longitudinal coupling between all pairs under the 
same sheath, noise voltages appear on the N7 pairs, and 
depending upon their longitudinal-to-metallic balance, 
part of the noise appears in the metallic circuit. When 
installing N7 carrier on existing cables, it generally is not 
feasible to improve the cable balance although it is 
possible to exclude from N7 operation pairs having par- 
ticularly poor balance. The path by which noise from 
internal sources enters the V7 system is shown in Figure 1. 

Since little can be done to reduce the noise after it 
has entered the N7/ cable, it is desirable to suppress it be- 
fore it reaches the carrier pairs. This might be done by 
introducing a high impedance into the longitudinal 
circuit of the noncarrier pairs without appreciably in- 
creasing their metallic circuit loss in the useful frequency 
range. With A-carrier systems this was accomplished 
by means of series retardation coils in the noncarrier 
circuits. This is expensive and a cheaper way of suppress- 
ing the noise of N7 carrier systems still is being sought. 

One measure that has been used is to keep the carrier 
and noncarrier pairs in separate sheaths or shielded 
compartments for a limited distance from the office. 
As the length of the twin cable section is increased, the 
received signal level on the N7 pairs at the point of 
exposure to the noise is increased and the noise itself 
is reduced, greatly improving the signal-to-noise ratio. 

Noise arising from the operation of telegraph equip- 
ment may be suppressed effectively at the source. In 
many cases the telegraph equipment already includes 
noise killers to control the noise in the audio-frequency 
range. These may be supplemented by suppression 
that is more effective at carrier frequencies. Not all 
types of telegraph systems cause serious interference. 
With metallic operation, the currents are so small as to 
create negligible disturbance. However, the large 
currents used with grounded simplex operation have 
proved bothersome. A simple filter consisting of a 
0.5-microfarad capacitor connected between ground 
and the mid-point of the simplex deriving repeating 
coil will provide adequate suppression. 

One of the more commonly used measures to control 
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Figure 3. Transverse far-end crosstalk 


dial office noise is to limit the length of the repeater 
section adjacent to the noise source and thus restrict 
the amount of noise gain. The amount of metallic 
noise on a cable pair at the main distributing frame in a 
dial office will vary widely but it has been found under 
typical conditions to be in the order of 100 decibels 
below one milliwatt in a 3-kc band in the N7/ frequency 
range. This compares with a sideband level at the 
input of a high-low repeater which may drop to 75 
decibels below one milliwatt for a full 8-mile repeater 
section. At a high-low repeater the 304-kc carrier 
modulates noise components in the frequency range 
between 348 and 444 kc, the lower sideband of this 
modulation also falling within the 44-140-kc low-fre- 
quency group. This image frequency noise is excluded 
from low-high repeaters and low group receiving ter- 
minals by the low-pass filter, and is no problem at high 
group receiving terminals since the 304-ke group carrier 
is not present. 


3. Secondary Induction From External Sources. ‘The 
most important path for induction from sources external 
to the telephone plant is by secondary induction from 
noncarrier pairs in the N7 cable which have extensions 
or taps to open-wire lines or to branch cables of short 
length connected to open wires or subscriber drops. 
Noise from atmospheric static or radio-frequency trans- 
mitters which is present on the open wire or drops is 
carried into the cable longitudinally where it appears 
as metallic noise on the N7 pairs as previously discussed. 
Several different measures have been used to suppress 
this type of noise depending upon its magnitude, fre- 
quency, and nature. 

Where suppression is desired over a wide range ex- 
tending through the transmitted N7 frequencies and the 
image frequency band, the most effective suppression is 
provided by longitudinal retardation coils which insert 
loss in the ground return circuit. Existing coils which 
were developed for use with the K and J carrier systems 
have been used to a limited extent but they are expensive 
and do not have adequate loss in the image band. 
New coils are under development and some prototypes 
have been tested with satisfactory results. It appears 
that they will afford about 25-decibel suppression 
throughout the entire M7 transmitted and image fre- 
quency bands. In developing the new coil every effort 
is being made to keep its metallic circuit loss at a mini- 
mum. Figure 2 shows a longitudinal retardation coil 
connected at the junction of open wire and cable. 

The experience with N7 systems in the vicinity of 


Annapolis, Md., will serve to illustrate the application 
of this type of suppression. On many systems in this 
area, channels 3 and 7 were turned down because of | 
interference from nearby radio transmitters. The noise _ 
was introduced into vulnerable points of the N7 circuits 
by way of open-wire and drop-wire extensions of non-N 
cable pairs. The interference had been anticipated 
when engineering the carrier systems, and thus the two or 
three repeater sections nearest the radio transmitters 
were reduced in length to facilitate its suppression. 

After placing the initial systems in service, experiments 
were begun to see what could be done to reduce to 
tolerable levels the noise on the affected channels. 
Between Annapolis and Hyattsville there were 354 
different open-wire and drop-wire extensions of non-N 
pairs of which 106 required treatment to reduce ac- 
ceptably the N7 channel noise. The only major group 
of extensions requiring no suppression were in the 31/2- 
mile repeater section at the Annapolis end of the system. 
The suppression finally selected consisted of toroidal 
coils such as shown in Figure 2, wound so as to insert a 
relatively high impedance in the longitudinal circuit of 
the offending antenna-like pairs but not in the metallic 
circuits of these pairs. A design including high core 
loss gave a large resistive component to the impedance 
to aid in preventing resonance. 

Table I shows how the noise in the affected channels 
was reduced by the installation of the 106 separate 
suppressors. 


Table I. Reduction of Radio Interference Into N1 Systems 


Noise at Zero Transmission Level— 
Decibels Adjusted 


Channel Without Suppression With Suppression 
WorstiNuna ber. 34 casas sp ats eats deere O7* 68%, 5 epee ee 21* 30% 
Average Numberi 3s. o2. 220) ase -ccgecrs vie tte BOe SD id. caret oa eee 23 F27 
Worst Number 7) asi.c)2.00. 0s eee BOM AO ae ae seers 28* 25+ 
Average Number 7 pcs. 2c onj-iste vin cle leeiemicnetets 504 Si Peeenen t neat PPM ENG 


* At Annapolis. 
7 At Hyattsville or Washington. 


An interesting aspect of the tests was that subsequent 
removal of suppression from a single open-wire extension, 
1,500 feet long, connected to the cable at a point about 
12 miles from the radio transmitters raised the noise 
nearly to the level existing before any extensions were 
suppressed. 
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Figure 4. Crosstalk in lateral cables 
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Figure 5. Interaction crosstalk high-low repeater 


In some cases noise has been experienced on systems 
operating on cables without open-wire taps or drop loops. 
Here the longitudinal noise currents present on the 
sheath encountered a high impedance due to the presence 
of an insulating joint in the sheath and the noise 
was transferred thereby to the longitudinal circuits of the 
pairs. Certain capacitors used to by-pass insulating 
joints in the sheaths of voice-frequency cables do not 
effectively by-pass carrier-frequency currents due to in- 
ductance in the leads. Where the need for the insulat- 
ing joint no longer exists, it has been permanently re- 
moved. In other cases the joint also has been bridged 
by a 4-microfarad capacitor having short straight 
leads. 

Some use has been made of slot rejection filters as a 
stop-gap measure until the instaJlation of suppression 
which does not impair the N7 message circuit. In 
order to minimize the impairment to speech trans- 
mission, only narrow-band slot filters are employed and 
this means, of course, that the method is satisfactory 
only when the interference is a single-frequency tone. 
It is admittedly not a desirable measure since the 
effectiveness of the suppression is reduced by variations 
in the interfering frequency. It obviously is undesirable 
to use slot rejection filters on circuits which may be 
operated in tandem with other circuits which also may 
contain filters tuned to a different frequency. 


4. Nonsoldered Cable Pair Joints. Occasionally N7 sys- 
tems are operated in part or entirely over cable pairs with 
nonsoldered joints. ‘This usually occurs only in the 
case of older exchange cables since it is now common 
practice to solder new cables which are candidates for 
N71 operation. The defect in nonsoldered joints is due 
primarily to a barrier of oxides and possibly sulfides. 
The joint resistance may be variable due to temperature 
changes or vibration, and may produce a _ noise 
sounding like thermal noise with superimposed irreg- 
ular clicks and pops. Where a cable on which N7/ 
carrier is to be installed is known to have a bad history 
from the standpoint of variable resistance, it is possible 
to make a series of tests over a period of time to deter- 
mine which pairs are suitable for carrier use. 

The presence of d-c supplying repeaters with power is 
thought to help minimize noise production in the non- 
soldered joints. Where such power is not supplied over 
the cable pairs, it is possible to supply up to 20 milliam- 
peres of bleeder current to aid in stabilizing the joint 
resistance. 


CONTROL OF CROSSTALK 


y ‘HE SOLUTION to a number of crosstalk problems present 
in other open-wire and cable-carrier systems has been 
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facilitated by the design of the N7 system. For example, 
frequency frogging has solved the run-around crosstalk 
problem at repeaters without requiring the introduction 
of loss in the longitudinal path as in open-wire systems, or 
the use of separate cables which permit pair frogging as in 
the case of Type K cable carrier. Also, the compandor 
per channel helps to control far-end and other types of 
crosstalk without the use of frequency staggering as in 3- 
and 12-channel open-wire systems or the provision of the 
intersystem crosstalk balancing associated with Type K car- 
rier. : 

It is possible to operate a large number of N7 carrier 
systems in most of the cables now in the telephone plant. In 
quadded cables it is expected that carrier may be operated 
on substantially every quad. In nonquadded cables, 
where the coupling losses are somewhat lower, crosstalk 
poses more of a problem. Anticipating this the thermal 
noise generator was provided in each transmitting group 
unit. However, as previously noted, it has not been neces- 
sary yet to introduce this crosstalk masking noise. 


Crosstalk Design Objective. The Bell System has developed 
a system for rating performance as controlled by crosstalk 
which takes into account the distribution of talker volumes 
at the originating toll switchboard, the number of dis- 
turbing circuits, the rms value of the current ratios in each 
group of similar crosstalk couplings, and the masking effect 
of various types of noise, including babble or the crosstalk 
from multiple disturbers. The crosstalk couplings between 
the combinations of quads or pairs in a cable vary over a 
considerable range. It is evident, therefore, that, if a 
limited number of the conductors in a cable are employed 
for carrier operation, the probability of hearing crosstalk 
from other systems is reduced. Without elaborating further 
on the fine points of crosstalk index, as this criterion of per- 
formance is known, it may be noted that good performance 
will be achieved if the coupling loss between the toll switch- 
board at the transmitting end of a disturbing circuit and the 
toll switchboard at the receiving end of the disturbed circuit 
is about 38 decibels. ‘This assumes that no noise is present 
on the disturbed circuit. With the masking noise, compar- 
able performance will be realized with a coupling loss of 
about 33 decibels. 


Crosstalk Advantage of the Compandor. ‘The expandor at the 
receiving terminal of the N7 channel introduces a loss of 28 
decibels as long as the total side-band power at its input is 
below the level at which the expandor begins to ‘open up.” 
This is always true in the case of the crosstalk encountered in 
commercial practice. The 28-decibel loss effectively 
attenuates the crosstalk during the silent interval when it is 
most objectionable. If the disturbing circuit is not com- 
pandored, full credit can be taken for this attenuation but 
if it is equipped with a compandor the effect of its compres- 
sor on raising the average talker volume at the transmitting 
terminal must be recognized. Under present-day condi- 
tions, the V7 compressor increases the crosstalk potentialities 
by about 7 decibels and hence the net compandor advantage 
for crosstalk between N7 systems is 28—-7 or 21 decibels. 


Transverse Far-End Crosstalk. Figure 3 shows the path: 


of transverse crosstalk in which AB is the disturbing circuit 
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and CD is the disturbed circuit. Since the crosstalk loss 
_ per unit length varies inversely with frequency, it is evident 

that the coupling loss between AB and CD will be less in 
the first repeater section than in the second. It also may be 
noted that in the first section, the crosstalk loss for channel 
72 using a 256-ke carrier will be less than for channel 7 
which uses a 168-ke carrier. However, in the second re- 
peater section channel 72 operates on a 48-ke carrier at 
which frequency the coupling loss is greater than for channel 
7 with its carrier at 136 kc. It has been found that with 
an even number of repeater sections the amount of far-end 
crosstalk is substantially the same on all channels and that 
the coupling loss is about the same as would apply between 
channels using a carrier frequency of 165 kc in every re- 
peater section. Since the far-end coupling loss versus fre- 
quency characteristic for cable pairs is usually free of peaks 
and valleys, it is possible to estimate crosstalk for all channels 
on the basis of 165-kc couplings. 

The coupling losses between pairs in the same quad are 
relatively low unless intraquad balancing is employed. 
However, by utilizing the two pairs of a quad for the same 
N17 system, the.effect of this low coupling loss is not signifi- 
cant since different bands of frequencies are transmitted 
_ over the two pairs. The coupling loss between equal level 

’ points on the pairs in different quads is considerably higher, 

the rms loss being in the order of 75 decibels per mile at 165 
kc and the 1 per cent minimum roughly 10 decibels less. 
These losses may vary +5 decibels depending upon the 
size of cable and type of construction (that is, long pair 
twist or short pair twist) but are typical of present-day 
cables in the 30-quad size. With couplings such’ as this 
the transverse crosstalk in quadded cables is not serious 
even on systems up to 200 miles or more in length, and no 
cable balancing is required. When placing new quadded 
cables primarily for N7 carrier use certain splicing pre- 
cautions may pay dividends in lower crosstalk, particularly 
when the cable is of small size. This effect of splicing will 
be discussed a little later. 

The situation with nonquadded cables is different, par- 
ticularly in the case of older types in which the same length 
of pair twist was used for all pairs in the cable. For ex- 
ample, the rms coupling losses in nonstaggered twist cables 
run about 55 decibels per mile at 165 kc. With improved 
manufacturing methods and more rates of twist, it has been 
possible to raise the rms coupling loss in a present-day 25- 
or 26-pair unit of pulp-insulated 19-gauge cable to about 68 
decibels per mile at 165 ke with the rms coupling loss be- 
tween units about 9 decibels higher. Even better per- 
formance resulted in some experimental cables utilizing 
polyethylene insulation and 10 different rates of pair twist. 

Control of Transverse Crosstalk. \Nhen N7 systems are 
placed in existing quadded cables little is done other than 
to remove any loading that is present on the carrier pairs 
and whatever voice-frequency crosstalk balancing capaci- 
tors have been installed in the loading splices. ‘The cross- 
talk balancing units in other splices are removed only if 
* the cable is opened for some other reason. Building-out 
stubs which were placed to provide uniform loading section 
length are removed since these no longer serve a useful 
purpose and may introduce considerable crosstalk. 
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When new quadded cables are placed for N7 use, they 
are frequently of small size since even a 27-quad cable is 
capable of providing 300 message channels if fully de- 
veloped for carrier use. As the size of a cable is reduced, 
it is obvious that the chance for any two quads to occupy 
adjacent positions is increased. The coupling between 
adjacent quads is much greater than between alternate or — 
more widely separated quads so the rms coupling loss de- — 
creases with size. In order to achieve the least crosstalk, 
therefore, it is desirable to splice the cable so as to equalize 
as nearly as possible the number of adjacencies between all 
N71 carrier quads. Rather than leave the splicing plan 
entirely in the hands of chance, splices in small cables are 
sometimes planned using the so-called “number splicing” 
technique. This procedure insures as thorough mixing of 
the quads at each splice as is theoretically possible. With 
larger cables simplified random splicing techniques are 
generally adequate. 

More care is desirable when engineering carrier on non- 
quadded cables, since the over-all coupling losses are some- 
what lower than in quadded cables and the couplings vary — 
over a wider range. If the cables are in place, the amount 
of crosstalk is estimated, taking into account the length and 
coupling loss in each cable section and the number of possi- 
ble disturbing channels. Should the expected performance 
fail to meet the desired objective, the use of cables with — 
higher coupling losses is the first consideration. If this is | 
not feasible it is possible to select pairs in each repeater | 
section so as to minimize the effects of bad ‘coupling. This 
is accomplished by assigning to the same frequency group 
only those pairs between which the coupling losses are 
relatively high. In some cables there may be a few bad 
actors which do not lend themselves even to this treatment — 
and therefore they must be discarded from carrier use. 
The possibilities for improving performance by pair selec- 
tion are great but so are the costs of the coupling measure- 
ments. Practical application of the technique, therefore, 
is expected to be rather limited. 

When placing new nonquadded cables, the approach is 
similar to that for existing cables excépt for the opportunity 
to increase the coupling loss by controlling the splicing. 


Crosstalk in Lateral Cables. A situation where it has been 
desirable to locate a high-low repeater at the end of a lateral 
cable is shown in Figure 4. The repeater section to the 
west has been assumed to require the use of a pad at the in- 
put to the repeater at EZ. The repeater section to the 
east requires no such pad and there is, therefore, in the 
lateral cable a level difference between pairs in the same 
frequency group. If the level difference at 256 kc is greater 
than about 27 decibels with a lateral cable length of about 
200 feet, the resulting near-end crosstalk from A to B may 


LOW-HIGH REPEATER 
A E B 


Se aso 
gg ev $e 


Figure 6. 


Interaction crosstalk at low-high repeater 
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Figure 7. Interaction crosstalk at terminal 


add significantly to the crosstalk already present at terminal 
B. The remedy is to reduce the level difference in the 
lateral cable either by equalizing the length of the repeater 
sections or by moving part or all of the span pad from the 


_ input of the repeater at £ to the output of the repeater at A. 


As the length of the branch cable is increased the coupling 


_ loss is decreased and the corresponding level difference at 


256 ke must be reduced. When more than one lateral 
cable is used on the same system, the effects of all such 
cables in contributing to the near-end crosstalk must be 
evaluated. 

Consideration of lateral cable crosstalk between low- 
frequency groups is not generally required since the coupling 
losses in the cable are higher. At low-high repeaters, how- 
ever, differences in high-frequency levels due to the use of 
pads at the repeater outputs are subject to the same re- 
strictions as just outlined. 


Interaction Crosstalk at a Repeater. The interaction crosstalk 
path at a repeater by way of paralleling noncarrier con- 
ductors is shown in Figure 5. If the length of the repeater 
section from A to £ is shorter than from D to F, requiring 
the use of span pads as shown, there will be a level difference 
between channels operating at the same carrier frequency. 
When the 256-kc level difference at a single repeater ex- 
ceeds about 27 decibels, the amount of crosstalk through 
the interaction path represented by the arrows may con- 
tribute significantly to the crosstalk at C. Again since the 
loss in this coupling path is higher at the low frequencies 
the interaction crosstalk is not generally a problem at low- 


_ high repeaters. 


This type of interaction crosstalk may occur wherever 
successive repeater sections differ in length. It is necessary, 
therefore, to be sure that the combined crosstalk from all 
high-low repeaters does not become excessive. In general 
this will be the case if the 256-kc level difference between 
the inputs from east and west at each high-low repeater is 
limited to 16 decibels or less. 

Occasionally it is desired to place a span pad or artificial 
line at the output of a low-high repeater as shown at E 
in Figure 6. Since the levels at the repeater outputs are the 
same, the level on the cable pair at the output of the repeater 
at F will be higher than on the pair at the output of the pad 
at #. Again there is an interaction path through the non- 
carrier pairs, and the same 27-decibel level difference 
objective applies. 


Interaction Crosstalk at Terminals. At the beginning of the 
discussion of crosstalk, reference was made to the frequency 
frogging at each repeater which facilitates the control of 
crosstalk between high- and low-level pairs in the same 
cable. In most cases this frequency segregation of high- 
and low-level signals also is maintained at the carrier 
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system terminals by specifying either “high group trans- 
mitting—low group receiving” terminals or “low group trans- 
mitting—high group receiving” terminals in a given office. 
There are instances, however, in which the operation of 
high group transmitting and high group receiving terminals 
in the same office is desired. Figure 7 illustrates how cross- 


talk from the high group transmitting terminal can appear — 


as near-end crosstalk on noncarrier pairs in the same cable, 
then travel longitudinally through the office to noncarrier 
pairs in another cable containing N7 systems using high 
group receiving terminals. When there is no-equipment 
on the noncarrier pairs the longitudinal loss of the office 
wiring may be substantially 0 decibels. Im quadded cables 
the total coupling loss may be as low as 100 decibels at 
256 ke at which frequency the level difference between 
the two carrier terminals may be over 60 decibels. 

The longitudinal loss through the office is increased by 
the presence of repeating coils and voice-frequency repeaters 
on the noncarrier pairs and also varies with the degree of 
interconnection between the noncarrier facilities in the two 
cables. While the metallic circuit and phantom circuit 
losses may be in the order of 50 to 100 decibels, the ground 
return loss generally will be in the order of 10 to 20 decibels. 
If the total loss in the interaction path is inadequate it may 
be increased by inserting longitudinal suppression coils in 
the noncarrier pairs. Care also must be taken to insure 
adequate physical separation of the carrier terminals and 
the associated wiring. At present it is believed that this 
will be achieved by using separate, even though adjacent, 
bays for the two groups of terminals and by separating the 
wiring by the width of at least one bay. 


CONCLUSION 


hyd fie? OF THE N/ carrier noise problems were anticipated 
in connection with the original development and the 
engineering of the specific projects. However, in some 
instances the solutions have been learned from experience, 
the best teacher of all. N7 circuits now are operating under 
conditions considerably more severe than originally ex- 
pected and the trend doubtless will continue. As for the 
effectiveness of the control measures, it may be noted that 
in a recent survey embracing over 4,000 channels, only 8 
per cent of the channels exceeded the noise objective and 
on half the circuits the noise conditions were at least 8 
decibels better than the objective. In a number of cases, 
certain channels are being kept out of service until one or 
another of the measures outlined can be applied. As 
further noise suppression is installed, many of the working 
channels also will be benefited. The noise survey includes 
the effect of dial office noise but probably does not reflect 
fully atmospheric static noise since the measurements were 
made at random times throughout the year. 

No comparable crosstalk surveys are available, but dis- 
cussion with operating companies, and measurements on 
some long systems operating in nonquadded cables indicate 
that adequate control of crosstalk also has been achieved, 
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; ITH THE ADVENT of mechanical mining it 
has become possible to mine coal from seams formerly 
considered too narrow for practical working. As a result, 
locomotive designers had to produce a haulage locomotive, 
big enough to handle the production of coal in seams 30 
to 42 inches high. Moreover, the locomotive must conform 
to the requirements for standard haulage-type locomotives 
as regards high continuous tractive effort, latest traction 
motor design, sturdy construction, accessibility of equip- 
ment, and capability to accelerate a train. 

A 15-ton low-height trolley locomotive has been de- 
veloped to meet these requirements. It has a minimum 
height of 26 inches, which is increased to slightly over 27 
inches if larger wheels are used to obtain higher speed. 
It is 248 inches long and 78 inches wide over journal boxes. 

Each of the two axles is powered with a frame-mounted 
__ d-c series-wound commutating-pole self-ventilated traction 
motor having a 1-hour rating of 95 horsepower at 250 
volts. Class B insulation is used throughout. The motor 
is connected to a double reduction gear box mounted on 
the axle through a drive shaft with a double universal 
joint and a slip joint. All motor and drive bearings are 
of the antifriction type except the suspension bearings on 
the axle. 

With 23-inch wheels the rated drawbar pull is 7,500 
pounds at 7 miles per hour, with 250 volts on the trolley. 
The use of 25-inch wheels and high-speed gearing gives 
the same rated drawbar pull at 10.5 miles per hour. ‘The 
maximum starting drawbar pull is 9,000 pounds. 

Both motors are permanently connected in parallel for 
operation from a 250-volt trolley. The control provides 
10 steps in motoring and 7 steps in dynamic braking. 
This permits rapid acceleration and smooth handling of 
trains. The master controller, of the cam-operated 
type, actuates electropneumatic contactors and an electro- 
pneumatic reverser. A motor-driven compressor supplies 
air for locomotive brakes, control, and sanders. A motor- 
man’s valve controls the application of air to two 
equalized brake cylinders which operate the locomotive 


brakes. The various controls are all conveniently located 


Oblique view of locomotive showing operator’s position 
and controls 


Figure 1. 
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A Low-Height 15-Ton Mine Locomotive 


J. W. BRAUNS 


Figure 2. View of locomotive from above showing location of 
principal pieces of equipment 


and compactly arranged to allow for easy, safe operation. 
Trolley poles may be mounted on either or both sides _ 
of the locomotive. A special type of trolley-pole socket | 
with an air-actuated lifter is available which raises the 
trolley base enough to permit the pole, when in the down | 
position, to be swung across the top of the locomotive. 
A trolley retriever, used to prevent damage in case of de- | 
wirement, functions on no voltage and lowers the pole if 
it leaves the wire. Operation can be made either auto- — 
matic or manual, thus permitting the locomotive to 
pass insulated joints in the trolley wire without the pole 
being retracted. 
Overload protection is furnished to the equipment by | 
means of relays suitably connected in the circuits. 
The locomotive can be arranged for operation with two — 
units connected together under the control of one motor- 
man. In this case provision is made for emergency brake 
application if, for any reason, the units should separate. — 
A safety drawbar, in addition to the regular drawbar, is 
provided between units. a 
In spite of its strictly limited dimensions, this low-— 
height locomotive has the same advanced design features — 
and sturdy construction that have proved eminently suc- 
cessful in the standard line of haulage locomotive. Ade- 
quate space is provided for both the motorman and trip— 
rider. Particular attention has been paid to details that 
promote safety and reduce the fatigue resulting from 
working in close confines. 
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OR FEAR that overcurrent relays might trip off the 

unit on overload when it is needed most, generators 
are usually not provided with relays to respond to balanced 
external faults. This is satisfactory practice because 
balanced faults on the system can be tolerated by the 
generator for an appreciable time. However, experience 
now indicates that the more closely designed modern 
generators should be provided with relays to detect the 
presence of unbalanced external faults that are not cleared 
in a proper time, since these may result in damage to the 
generator. 

Single-axis short circuits, such as phase-to-phase faults 
at the generator voltage or phase-to-ground faults on the 


Figure 1. Schematic diagram 
of system problem reduced to 
a 2-machine problem 


high-voltage system, even though the fault currents would 
be smaller in magnitude, may produce severe heating of 
the rotor of the generator if they are permitted to persist 
for a longer time than the usual time delay associated with 
backup protection. 

It is assumed here that a Y-delta transformer is used 
as a step-up transformer, with its high-voltage neutral 
solidly grounded and the delta winding connected to the 
generator. A single line-to-neutral fault on the high- 
voltage side then is essentially equivalent to a line-to-line 
short circuit with fault impedance at generator termi- 
nals, 

The rotor winding and damper circuits of a synchronous 
machine compare essentially with the squirrel-cage wind- 
ings of an induction machine. Balanced 3-phase faults 
involve only positive sequence currents producing magneto- 
motive forces which are in synchronism and do not induce 
alternating voltages in the rotor circuits. Unbalanced 
faults result, however, in positive- and negative-sequence 
short-circuit currents in the armature and the negative- 
sequence currents will induce double-frequency (120 
cycles) currents in the rotor damper circuits, including 


Digest of paper 53-188, “Backup Protection for Generators,” recommended by the 
AIEE Committee on Relays and approved by the AIEE Committee on Technical 
Operations for presentation at the AIEE Southern District Meeting, Louisville, Ky., 
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the field winding. These rotor currents will be ee | 
tional to the negative-sequence currents in the armature ] 
Because of the small depth of penetration of 120-cycl 

currents, about 90 per cent of this current will find paths 
near the rotor surface, including the slot wedges. The 
damage results from the heating of the rotor and the 
weakening of mechanical strength, and eventual failure of 
the slot wedges. ' 

For the computation of the negative-sequence current: 
in the generator, the general problem of a generator G 
on a large system may be simplified to a 2-machine problem. 
Figure 1 shows the generator under investigation, G, and 
the system which is reduced to an equivalent generator S$; 
the fault is at F. 

The initial value J,” of the negative sequence current in 
the generator stator winding depends essentially only 
upon the generator G and its subtransient reactance X,” 
and is not affected by the system to which the generator 
is connected: 


I! = Ey 
2Xq uv 


This negative-sequence current has relatively very little 
decrement and in a matter of seconds the magnitude will 
depend primarily on the large system S§ to which the 
generator is connected, approximating 


This later value, Jz, will not be much smaller than the 
initial value, J2”, while the positive sequence component 
of the current in the generator decreases during the same 
time to a relatively small value. 

The rotor heating is a function of time. The new 
American Standards Association Standard C-50 for gener- 
ators would indicate a time limit of less than 2 seconds 
for a phase-to-phase fault at generator voltage while a 
fault on the high-voltage side of a generator transformer 
may be permitted for nearly 5 seconds without resulting 
in damage to the generator. 

For this backup protection of the generator, overcurrent 
relays are not satisfactory and even with voltage restraint 
they do not respond to a function comparable to the rotor 
heating. 

A phase-balance relay is satisfactory only for a 
short time since the stator current of initial value J”= 
V/3 Ix" soon becomes primarily negative sequence (J2, as 
given), which is also balanced. More desirable arrange- 
ments are relays that respond either to negative-sequence 
stator current or to 120-cycle currents in the rotor field 
winding. For such a relay, an inverse time characteristic 


which approximates rotor heating may be a preferable 
solution. 
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‘heads of 20 feet or more 


 practicable.1 


Economic Factors of Small-Capacity 


Hydroelectric Stations 


H. H. BROWN 
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HE ATTRIBUTES of 
‘he induction generator 
will make attractive 
small hydroelectric sites with 


which otherwise would be im- 
Induction ma- 
chines are feasible as adjuncts 
to large synchronous stations. 
The inherent merits of the 
induction generator will provide a low cost source of 
kilowatt-hours.2? The merits of such a simplified gen- 
erator undoubtedly will change the idea of it being a 
scientific curiosity and in the future will appeal to the 


able. 


‘central station engineer as a desirable addition to his 


equipment. 


ENGINEERING ECONOMY 


HE DESIGN SHOULD embody simple instead of compli- 

cated forms. Good design is complete with no guesses 
for the contractor or construction superintendent and 
hence leaving no claims for extras because of subsequent 
revisions and changes.*® Every time an uncertainty is 
removed, the price is lowered. Each contract should be 
prepared with the idea that it may go to court. Preferred 
methods instead of a multiplicity of design elements can 
save an amazing amount of busy design engineers’ time 
and reduce the construction costs. 

Increases in cost of coal, oil, and gas fuels will continue 
to make hydroelectric plants more inviting. Additional 
ponds and storage reservoirs on the same stream above 
existing hydroelectric plants will increase the hydroelectric 
plants’ values. 


ECONOMIC TRENDS IN DESIGN AND ARRANGEMENT 


NUMBER OF semioutdoor type of generating stations 

have been built in which all or a part of the con- 
ventional powerhouse superstructure was omitted.’ In 
some instances the generator room floor became the 
station roof, the generator being protected by a concrete 
or metal housing. An outdoor gantry crane usually was 
provided for removing the water-wheel and generator 
parts to one end of the station, where it could be lowered 
through a hatch to the inside repair bay below. On 
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The use of induction generators in semi- 
outdoor plants, simple relay and water-wheel 
controls, and fully automatic features 
reduced materially the plant investment, oper- 
ating, and maintenance costs, thus making 
the use of small hydroelectric sites more desir- 
The economic aspects of two actual 
induction generator plants are described. 
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systems where truck-mounted 
mobile cranes are readily 
available and accessible for 
small plants, the power plant 
crane could be omitted. 

Closed ventilation systems 
normally are not recom- 
mended in generators below 
3,000 kva unless the cooling 
air is too warm and is con- 
taminated. In cold climates the cooling air can be used 
to heat the powerhouse enclosure. 

The new large 3-conductor flexible-armored-sheath 
high-voltage generator cables can save conduit and labor, 
and result in a neat, dependable, and safe arrangement. 
Station power can be obtained from the hydroelectric plant 
switchgear bus if generator circuit breakers are provided. 
Such power should be 3-phase 4-wire 120/208 Y volts for 
power and lighting requirements. If a unit system is 
employed, a 3-phase station power transformer can be 
provided in the substation. 

All hydroelectric plants should be equipped with relays 
for full automatic operation. Labor rates and rules have 
necessitated these economy measures for new plants. 
Where the headwater is maintained at a definite level, 
water-level float control may be combined with the other 
automatic features. 


has 


GREATER ECONOMY FOR LOW-HEAD HYDROELECTRIC 
PLANTS 


«id ota UPON the variations in head and flow condi- 
tions, various alternatives may be used to reduce the 
initial cost and operating expense of the hydraulic turbine 
equipment. 

In general, it is desirable to utilize higher speeds because 
of reduced generator costs, but in many cases the higher 
specific speed of the turbine requires a lower setting and 
introduces additional costs which may offset the saving in 
the generator and turbine. 

Since most of the smaller capacity hydroelectric plants 
operated by utilities today are connected to large systems 
and are not required to regulate, the use of an induction 
generator permits certain economies in the prime-mover 
equipment. With voltage and frequency controlled by 
the power system, the turbine governor may be omitted 
and a simple motor-operated device substituted to open 
and close the turbine gates, or to position them for part 
gate operation. For physically large turbines, solenoid- 
or motor-operated oil valves may be used in connection 
with servomotors and a simple oil-pressure system. Thus, 
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Section through Lower Paint plant. Figure 
Similar view of Way Dam plant section 


Figure 1 (left). 
3 (right). 


Figure 2. Cost com- 
parison of fixed-blade 
turbine, generator 
and simple switch- 
gear: A—Synchro- 
nous with gates and 
governor; B—Induc- 
tion with motor or 
oil-operated gates, 
but no governor; 
C—induction with no 

gates or governor 


250 500 
CAPACITY IN KILOWATTS 


1000 500 2000 2500 


by means of time switches or a float-level device to dictate 
the operation of the gate mechanism, the unit may be 
arranged to operate during selected periods such as peak 
loads or for continuous operation at part gates consistent 
with river flow or ponding conditions. This method of 
control is equally adaptable to the Francis fixed-blade 
propeller, and manually adjustable-blade propeller types 
of runners. 

In some instances, it is also practical to omit the turbine 
wicket gates and gate mechanism and further reduce the 
turbine cost and maintenance expense. To do so, how- 
ever, the turbine output would be constant at any head 
and its discharge could not be controlled intermediately. 
This type of equipment could be used only at such sites 
as require continuous discharge for minimum stream 
flow, for regulation of flow through other plants along the 
same stream, or where there is sufficient storage to accumu- 
late enough water to operate the turbine at full discharge 
during peak loads or longer periods. Obviously, some 
means must be provided for admitting or withholding water 
from this turbine. In most cases, this could be done by 
the head gates at the intake of open flume or concrete 
spiral types, or by means of a shutoff valve in the penstock 
if a penstock is warranted by the operating head and plant 
design. 

A further simplification in the smaller sizes of hydraulic 
turbine equipment can be effected by eliminating the head 
cover and its support, and substituting a curb ring with 
radial arms to support the guide bearing. The turbine 
then would be embedded in the floor or wall of the flume 
and the shaft extended to the generator. Such a turbine 
of about 100-kw capacity is presently in operation, as 
shown schematically in Figure 1. A unit of this type may 
result in slightly lower operating efficiency, possibly several 
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percentage points, but may prove economical if efficiency 
is not of primary importance. 

Since motor operation of the turbine gates or the head» 
gates is relatively slow, sudden loss of electric load on the > 
generator would cause quick acceleration of the unit’s 
speed, and both generator and turbine rotating parts 
must be designed to withstand full runaway speed for 
relatively long periods. This, however, does not impose 
any special problem since all hydroelectric units usually 
are designed for such conditions anyway. 

Unfortunately, the Kaplan or governor-adjusted blade 
propeller turbine does not at the moment readily lend 
itself to much simplification in design for further cost 
reduction. 

Figure 2 shows the relative costs per kilowatt of hydro- 
electric equipment from 500 to 2,500 kw capacity. They 
are applicable to a site at which a normal net head of 20 
feet is available. Unit speeds, although not shown, are 
based on a specific speed of about 150 for vertical shaft 
fixed-blade propeller-type turbines. For capacities up to 
1,500 kw the turbines are of the open flume type, while in 
the larger sizes, turbines of the concrete, semispiral casing 
type are used. Generators are of the standard open type, 
with exciters included for the synchronous machines. Also 
included is a standard control cubicle, except that auto- 
matic synchronizing equipment has been added for the syn- 
chronous generators. 

Hydroelectric stations with generation and switchgear 
equipment previously described not only reduce the initial 
cost of original plant and its fixed charges, but more impor- 
tantly reduce by a considerable degree the labor charges for 
maintenance and operation. Thus where in many cases 
marginal operation only can be expected from a conven- 
tional type of plant, the simplified arrangement would en- 
able the station to be operated ata profit. This is especially 
true of small-capacity plants where an operator normally 
has little work to do but must be kept on the job a substan- 
tial part of the time, while at a plant with minimum equip- 
ment he might be required to attend it only a few hours a 
week or at even less frequent intervals. 


ECONOMICS OF INDUCTION GENERATOR 


id Cee I sHows a comparison in performance between 
2,500-kw synchronous generator and a 2,500-kw induc- 
tion generator. It is interesting to observe how well the 
induction-generator efficiency compares with that of the 
synchronous generator. The former is 97.0 per cent, and 
the latter 96.9 per cent. 

The Way Dam quotation for an identical generator indi- 
cates that the induction machine costs 91 per cent of an 
identically rated synchronous machine with exciter. The 
latest cost comparison of induction generators, if designed 
as such, indicates a slight increase in cost of such a machine 
over an equivalent synchronous machine. However, there 
are additional items of savings that enter into the total 
plant installation. The advantages of the induction gen- 
erator are summarized as follows: 


1. Occasional plant inspection and ease of control. 
2. Electric connections extremely easy. 
3. No exciter, brushes, or slip rings. 
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No use of power to drive exciter. 

No costly governor mechanism. 

No voltage regulator. 

Reliability (rugged rotor design). 

Electric overloading difficult. 

9. Minimum short-circuit current. 

10. Favorable first cost. 

11. Simple relay protective equipment. 

. 12. Ideal for high-speed prime movers (absence of 
salient pole pieces). 

13. Freedom from harmonics and good damper action. 


PES aie 


On the other hand, the inconveniences of the induction 
_ generator are as follows: 


1. Necessity of supplying magnetizing current from the 
_ connected system. 

_ 2. Inability to operate alene on the system without 
__ being equipped with capacitors. 

3. Reduction in power factor at light loads. 

4. Uncontrollability of bus voltage. 


In most cases, regulation of the voltage is not necessary 
especially if the hydroelectric plant is connected to an 
extensive system. The larger hydroelectric and steam 
_ plant generators in other plants provide the regulation 
and the necessary kilovars. 

The maintenance of induction power plants is very low 
and the output can contribute to help supply power in the 
adjoining distribution areas, thereby minimizing * trans- 
mission losses. Such a plant should connect itself auto- 
matically or start generating whenever electric power is re- 
_ established to the plant. These facilities must be provided 
_ with a minimum of capital and yet be electrically and me- 
chanically simple and dependable. Some such hydroelectric 
plants can be remotely controlled from a nearby attended 
plant. In others, the plant can operate automatically 
according to the water level in the pond. A float can 
provide the initiating start and stop control.’ 

Speed regulation on the turbine driving an induction 
generator is not necessary since it is the speed of the system 
which governs the revolutions per minute. It is sufficient 
in the larger units to have a speed limiter which shuts down 
the water wheel in the event of disconnection of the genera- 
tor from its electric system. 


WAY DAM GENERATOR PLANT 


NR 1,800-kw induction-generator hydroelectric power 
plant was placed in service on December 4, 
1949, by the Wisconsin Michigan Power Company. The 
plant was built in conjunction with the existing Way 
Dam which was completed early in 1941 to form the 
Michigamme Reservoir on the Michigamme River in 
Michigan’s Upper Peninsula. A careful economic analysis 
indicated the practicability of the installation of a small 
hydroelectric plant at this dam site. It impounds a reser- 
voir covering 7,000 acres at a maximum head of 38 feet. 
The reservoir normally is filled to capacity about the 
middle of May. It then remains at full capacity for about 2 
months until drawdown is started during the dry summer 
months. During this period the reservoir may be drawn 
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Table I. Comparative Study—Two Designs® 


A 2,500-Kw Synchronous Generator and a 2,500-Kw Induction Generator 
Both Supplying the Same Power-Factor Load. Exciter Power Requirements 
Not Included With Synchronous Generator 


Item Synchronous Generator Induction Generator 

Corelossaragenctcaraime tice teeter DO! y | eWearccars cele chasis snineenst 30 kw 

Primary 22. Rloss ci) s2 oles uso oles Cota coin cig nie hates Scd 10.5 

Secondary [2 R088 55.5 6.j2 isan. tee aie [Pe EE onde aaa 2.8 

Windage..; oasis sera fate mecic elses atten vise C Dales madre toners ob aa 35.0 

Total loss, excluding bearings.......... (WEAN sea orice pie Poon 5 78.3 kw 
Efficiency, excluding bearings.......... 96,9 sper Cent aie rstetelsleteteter 97.0 per cent 
Per-cent slip at rated load............. OROsperiC6nts or tennant 0.11 per cent 


down from 5 to 15 feet until the beginning of fall rains, at 
which time the reservoir is again refilled as much as possible 
in preparation for the coming winter storage requirements. 
Drawdown is usually complete between the first of March 
and the first of April. 

The plant superstructure’is of a semioutdoor design as 
shown in Figure 3. It is constructed of reinforced concrete 
and structural glass block and is of sufficient area and 
height to house comfortably only the generator and its 
associated control apparatus. Ceiling height is 12 feet, 
which does not permit the installation of an indoor crane 
for servicing. This function is accomplished by means of an 
outdoor traveling hoist which is able to transfer material 
and apparatus into and out of the plant through a circular 
hatch-covered opening 13 feet in diameter located above the 
generator. This hatchway is large enough to accommodate 
the largest piece of equipment which might need to be 
passed through it. 

The generator is driven by a vertical fixed-propeller tur- 
bine rated at 2,400 horsepower and 225 rpm at 35 feet of net 
effective head. Actual gross operating head varies from 
a maximum of 38 feet to a minimum of zero. 

Cooling air for the generator is drawn through ducts 
under the building floor into the generator pit and then 
passes up through the rotor and stator before being dis- 
charged through louvers in the upper part of the building 
wall. 

The vertical shaft induction generator* installed in the 
plant is rated at 4,160 volts and 1,800 kw at 80-per-cent 
power factor. 

The rotor resistance is less than for an identical induction 
motor, so as to improve the efficiency. The rotor is of the 
simple squirrel-cage design. The generator has no exciter, 
governor, field rheostat, voltage regulator, synchroscope, 
d-c ammeter, d-c voltmeter, or d-c bus. 

A d-c motor operates the gate control on the water wheel. 
This motor with its associated mechanical load-regulating 
device provides a simple method for controlling the gate 
opening and thus the output of the machine. By means of a 
time clock and mechanically operated limit switches on the 
gate control mechanism, the output of the generator can be 


* Way Dam Induction Generator: 1,800 kw, Allis-Chalmers Manufacturing Company, 
4,160 volts, 312 amperes, 3 phases, 60 cycles, 230 rpm. Continuous 100-per-cent load 
stator at 60 degrees centigrade. Normal ohms 7.7, magnetizing reactance per unit 
2.56, subtransient reactance per unit 0.22, stator resistance at terminals at 25 degrees 
centigrade is 0.181 ohm, full load slip 1.42 per cent. The Water Wheel: rated 2,500 
brake horsepower, made by Allis-Chalmers Manufacturing Company, 35-foot head, 
225 rpm, serial number 71224, vertical fixed-propeller turbine. 
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set at any predetermined point. A 48-volt battery is used 
to operate the motor. 

The single-line diagram for this plant is shown in Figure 4. 
All protective and other relaying devices are indicated with 
the exception of the turbine bearing temperature relays 
and the bearing cooling water supply protective equip- 
ment. 

A small distribution transformer within the cubicle on 
the line side of the 5-kv air circuit breaker provides local 
single-phase power and relay potential. Surge protection 
is provided on the incoming 69-kv transmission line at the 
substation and also on the generator leads in the cubicle. 
Within the plant is one duplex switchboard cubicle and one 
5-kv switchgear cubicle. 


WAY DAM AUTOMATIC OPERATION 


HE UNIT is placed in automatic operation by turning 

the control transfer switch to the automatic position. 
With the headgate open, all protective devices set, and the 
generator breaker open, the starting sequence is initiated 
by turning the master control switch to the start position. 
The turbine gates then will open automatically to the pre- 
set minimum load point. When the unit reaches syn- 
chronous speed the generator breaker is closed by the opera- 
tion of a mechanical-electric speed switch and the genera- 
tor then is connected to the energized bus. 

The final gate position now is determined by a time switch 
which causes the gates to continue opening further to the 
load position determined by the adjustable limit switches 
on the gate control mechanism. ‘The machine now will run 
continuously as a generator. The time switch will deter- 
mine the generator output automatically by changing the 
gate position at predetermined times. The time clock with 
its associated apparatus permits greater output during peak 
load periods and less output during off-peak periods. 

In an ordinary shutdown the gates are closed first and the 
breaker is not opened until the generator drops below syn- 
chronous speed. This type of shutdown occurs through 
the operation of the master control switch or through the 
closing of one or more of the protective relays as indicated 
on the diagram in Figure 4. 

On an emergency shutdown the breaker is tripped im- 
mediately. Conditions causing emergency shutdown are 
serious enough to tolerate the overspeeds resulting until the 
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Figure 4, Single-line diagram of Way Dam plant 
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gates are closed. Emergency shutdowns occur through the 
closing of one or more of the following protective relays: 

1. Phase unbalance. . 
2. Overvoltage. 


3, Generator differential. 


These relays must be reset manually before the unit can 
be started again. 

Upon the loss of bus voltage, an undervoltage relay opens 
the breaker immediately and the gates automatically begin 
to close. This would be a condition which would develop 
if the transmission line were in trouble. As soon as the bus 
voltage returns, all normal start operations begin auto- 
matically. The gates now open, bringing the machine to 
synchronous speed, the generator breaker closes and the 
gates continue opening to the preset load point. 

An annunciator alarm is provided to call attention to the 
following abnormal conditions: 


1. Hot bearing or loss of cooling waterflow (running). 

2. A-c thermal overload or neutral current or generator 
overcurrent or reversed power flow. 

3. Phase unbalance (avoid single-phase operation). 

4. Overspeed. 

5. Transformer overtemperature or low transformer 
oil level. 

6. Differential relay operation. 

7. A-c overvoltage or a-c undervoltage. 

8. Loss of bearing cooling waterflow (starting). 


WAY DAM MANUAL OPERATION 


Wee THE transfer switch turned to the manual position, 
the master control switch is turned to the start posi- 
tion. The operator now may use the gate control switch to 
open the gates, bringing the generator up to synchronous 
speed as indicated by a tachometer. The generator circuit 
breaker then is closed manually and the operator next opens 
the gates farther until the generator is delivering the desired 
output, which is determined by the cubic feet of water 
available. 

The annunciator and all of the protective devices are 
effective on manual operation. On loss of bus voltage, 
the unit will shut down but will not automatically start up 
again when voltage returns. The method of operation may 
be changed by an operator from manual to automatic or 
from automatic to manual at any time, whether the ma- 
chine is running or not. 


WAY DAM PLANT PERFORMANCE 


i Pes PLANT PERFORMANCE has been very satisfactory. In 
1950 it generated 9,563,000 kilowatt-hours; in 1951, 
12,797,000 kilowatt-hours; in 1952, 9,276,000 kilowatt- 
hours. The average output for the 3 years was about 1,200 
kw. 

The generation output of this hydroelectric plant is 
directly dependent upon the available head. This happens 
to be a coincidence of several hydraulic factors. Figure 5 
shows the relationship, as obtained from many operating 
points, between generating capacity in kilowatts and the 
gross head in feet. It may be seen that generation reaches 
zero at about 10 feet of head. 
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Figure 5 (left). Way generator operating characteristics. 


The curves reveal that the general operating charac- 
teristics of the induction generator, such as efficiency, power 


- factor, overload, torque, and speed, are not greatly different 


from those of the induction motor. In an induction genera- 
tor, the flow of power is from the rotor to the stator and in 
an induction motor the reverse is true. See Table I for 


‘the comparison of the two types of machines. Figure 6 


shows the torque curves of the generator and water wheel. 

The operating and maintenance expenses for this plant 
have been unusually low. The simplicity of this induction 
generator has not required the usual expenses and attention 
that a synchronous hydroelectric plant requires. The 
operating and maintenance costs of this hydroelectric plant 
compare favorably with the most economical plants on the 
utility system. 

The cost per kilowatt installed for this plant and substa- 
tation exclusive of the dam (since this was for the reservoir 
project) was $197.70. 


LOWER PAINT PLANT 


NOTHER small induction hydroelectric plant of the 
Wisconsin Michigan Power Company known as 
Lower Paint Dam Plant,t was first started on May 21, 
1952, operating on a net head of 20 feet and developing 100 
kw at 533 rpm. This plant was constructed at a new dam, 
where the water was diverted from the Paint River in 
Upper Michigan through a mile and a half long canal into 
the Michigamme River. At this plant extreme simplicity 
was foremost in the design. It was set inside the dam to 
obtain the maximum number of kilowatt-hours from the 85 
cubic feet per second of water which is passed down the 
river 24 hours a day, 365 days a year, for maintenance of 
fish life and scenic beauties. 
A hydraulic fixed-blade type of propeller rated at 155 
horsepower, 514 rpm, was directly connected to a standard 
3-phase 60-cycle 440-volt induction motor which operates 


+ Lower Paint Induction Generator: 100 kw, Allis-Chalmers Manufacturing Company, 
480 volts, 145 amperes, 3 phases, 60 cycles, 533 rpm, continuous 100-per-cent load of 
40 degrees centigrade, serial number 7-5728-19919-1-1. Water Wheel: rated 155 
brake horsepower, made by Allis-Chalmers Manufacturing Company, 20-foot head, 
514 rpm, serial number 7267, horizontal fixed-propeller turbine. Type HARC-ARC- 
214 MS Allis-Chalmers Manufacturing Company, 480-volt reduced-voltage squirrel- 


cage induction-motor control for use with above motor to be used as on induction 
generator. 
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Figure 6 (right). Way generator torque characteristics 


as a 100-kw generator. The water wheel has no wicket 
gates, thereby holding the first cost to an absolute minimum. 
There is no governor on the turbine. The generator is 
somewhat like the Way Dam induction generator since it 
has a squirrel-cage rotor, no rheostats, no voltage regulator, 
no exciter, no batteries, and no overcurrent relays except 
those that are built in and are a standard part of a reduced- 
voltage starting cabinet. Figure 1 shows a sectional eleva- 
tion of the plant. The wheel is shut down by a hand- 
operated vertical lift gate in the flume. If power fails on 
the circuit to this plant, the hydroelectric unit runs at run- 
away speed, namely, about 900 rpm. This speed, however, 
can do no harm to a simple propeller and a simple squirrel- 
cage rotor. When electric service is restored to the plant, 
the standard 150-horsepower starting cabinet throws half 
voltage instantly on the generator and the speed drops down 
from about 900 rpm to near synchronous speed. Then after 
several seconds delay, the starting compensator automati- 
cally throws full voltage on the generator and the speed is 
reduced slightly again and full generating output is pro- 
duced. Figure 7 shows a 1-line diagram for this hydroelec- 
tric plant. 

All the operations are fully automatic. An attendant 
visits this plant for a short time about once a week. Since 
the plant was placed in service it has generated about 
70,000 kilowatt-hours per month. Its yearly output will be 
about 850,000 kilowatt-hours. 

The cost per kilowatt of the wheel, generator, switch- 
board, and transformer for this plant and substation, exclu- 
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sive of the dam (since this was for the diversion project), 
was about $247.00. The output from this plant is firm 


power. 
CONCLUSIONS 


TTENTION OF recent years has been concerned with the 
development of large hydroelectric sites where mini- 
mum labor costs would result in the least cost per kilowatt- 
hour generated. Smaller attractive hydroelectric power 
sites have been overlooked. Simple automatic generating 
systems, such as the induction generator plants with full 
automatic equipment, should promote a revaluation of the 
development of sites below 50-foot heads and where outputs 
from 100 to 2,500 kw are available. ‘The two plants just 
described illustrate approximately the maximum and mini- 
mum induction generator size which this article endeavors 
to cover. 

Attention especially should be given to dam sites which 
control large reservoirs for hydroelectric generating sources. 
Any hydroelectric site with an adequate head where a dam 
must be maintained presents case studies worthy of economic 
development consideration. Also, throughout the country 
many abandoned hydroelectric plants and dam sites are 
known. Simplified plant design, which would provide a 
fully automatic unattended plant, offers new economic con- 
siderations for electrical utility companies. Furthermore, 
undeveloped sites are existing near adequate transmission 
lines that should be studied as possible low-cost sources 
of kilowatt-hours. 


Experience has indicated conclusively that induction- 
generator hydroelectric plants are reliable and have many 
advantages. Such generators especially lend themselves 
to low-cost developments of automatic hydroelectric plants 
which easily can be applied to extensive utility networks. A 
utility system network generally has enough synchronous 
generators in service to permit many induction machines on 
its system, without impairing the maintenance of adequate 
machine excitation or system voltage regulation. Much 
of the economic analysis for hydroelectric plant develop- 
ment applies to synchronous generators also, should such 
units be preferred. 
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AIEE 


Design of Transformers for Resistance 
Welding Machines 


D.«L. KNIGHT 


DISCUSSION OF transformer design and charac- 
A teristics would have been a rather controversial 

subject 15 years ago, as in those days the name-plate 
kilovolt-ampere rating of the transformer meant little other 
than that it was printed in English. Oftentimes in the 
early years, if the power companies limited the maximum 
connected kilovolt-amperes for a particular installation, a 
machine was supplied with this name-plate kilovolt-ampere 
rating, regardless of the actual load drawn by the machine. 
It was rather common practice to use excessive amounts of 


Full text of paper 53-296, “Design of Transformers for Resistance Welding Machines,” 
recommended by the AIEE Committee on Electric Welding and approved by the 
AIEE Committee on Technical Operations for presentation at the AIEE Summer 
General Meeting, Atlantic City, N. J., June 15-19, 1953. Scheduled for publication 
in AIEE Transactions, volume 72, 1953. 


D. L. Knight is with the National Electric Welding Machines Company, Bay City 
Mich. as” Ve 
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copper in the secondaries and a very small amount of pri- 
mary copper. ‘There was no logical reason for this except 
perhaps that the secondaries could be seen while the pri- 
maries were covered. In general, confusion existed, no 
standard ratings were used, and it was extremely difficult 
for power companies or users to determine actual ratings 
and demand figures. This condition of course could not 
continue and several years ago the AIEE and the Resist- 
ance Welder Manufacturers’ Association (RWMA) drew 
up specifications for the standardization of welding trans- 
former ratings. 

No attempt will be made here to discuss design pro- 
cedures such as specific current densities, flux densities, 
and so forth, but rather to discuss the basis of transformer 
ratings and factors affecting the design as well as factors 
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_ rating used for most other transformers. 


which should be of primary interest to power companies 
and users of welding equipment. 


BASIS OF TRANSFORMER RATINGS 


HE OPERATION OF a welding transformer differs from 
that of a conventional power transformer, in that the 
load on the power transformer is of a continuous nature, 
whereas the load on a welding transformer is a rapidly 
~ recurring one, usually approaching short-circuit values. 
In order to obtain a closer agreement between the actual 
instantaneous kilovolt-ampere demand and its kilovolt- 
ampere rating, it was decided to use a 50-per-cent duty- 
_ cycle rating rather than the normal 100-per-cent duty-cycle 
The 50-per-cent 
_ duty-cycle rating, maximum 
_ temperatures, conditions and 
methods of making tempera- 
. ture tests, were established by 
the AIEE and adopted by 
~ RWMA as standards. 
_ These standards have elimi- 
nated much of the confusion 
that formerly existed, in that 
they definitely give a meaning to the name-plate rating. 
All resistance welding transformers manufactured today 
by members of the RWMA have a standard rating. The 
definition is: “The standard rating shall be the periodic 
rating based on a 50-per-cent duty cycle and a 1-minute 
integrating period.” Name-plate rating does not neces- 
sarily indicate the maximum demand of the machine but 
definitely gives the thermal limitations of the transformer. 
Some confusion still exists in interpreting the ambient 
temperature to be used in transformer tests. Because the 
transformers as a rule are water-cooled devices, it is gener- 
ally agreed that the ambient temperature should be deter- 
mined by the inlet-water temperature. ‘This is now being 
considered by members of the RWMA, and the standards 
will be revised in this respect. 


CONSTRUCTION 


ee SHELL-TYPE CORE with interleaved pancake wind- 
ings generally is considered the most suitable type of 
construction for a low-voltage high-current transformer. 
The most economical disposition of material is possible 
and the problems of bracing the coils to withstand the 
mechanical stress is accomplished more easily. 

The primaries are usually pancake-wound with fully 
annealed rounded-edge copper strip varying in width and 
thickness depending upon the rating. The secondaries are 
single-turn pancake coils of cast rolled copper or copper 
tubing. The coils are assembled in a shell core with inter- 
lacing of the primary and secondaries. 

A welding transformer must be able to withstand re- 
peated overloads up to six times its rated capacity at re- 
duced duty cycles. The mechanical stresses which are 
developed in the windings of the transformer under these 
conditions are many times higher than would be expected 
‘¢ the unit were operated at rated load. A problem is 
involved in bracing of the coils to prevent their injury 
under these operating conditions. 
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The transformer design for resistance welding 
machines is discussed on the basis of ratings, 
construction, impedance, efficiency, excitation 
and core loss, types of secondaries, and insu- 
lating materials, and conclusions are presented. 
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When the primary and secondary coils of a transformer 
winding are assembled, the currents in these two elements 
are opposite in direction. Due to the magnetic field present 
a force is set up which tends to separate the coils. For 
flat primary and secondary coils having the same over-all 
dimensions and identical electrical centers, the forces act 
in the direction shown in Figure 14. The repelling forces 
are all at right angles to the plane of the coils. When the 
electrical centers are separated, however, as shown in 
Figure 1B, there is a component of force parallel to the 
planes of the coils as well as at right angles to them. This 
component may be quite large and sufficient to damage 
the coils by driving them apart. If the coils are concentric 
with reference to one another, but one having smaller 
dimensions than the other, 
the forces acting between the 
coils are shown in Figure 
1C. In addition to repelling 
forces at right angles to the 
plane of the coils there are 
components parallel to these 
planes which tend to force 
the sides of the smaller coils 
inward and the sides of the larger coils outward. These 
forces may be sufficient to damage the coils and for this 
reason the coils should be made to conform as nearly as 
possible to the arrangement shown in Figure 1A. The 
force acting between coils may be a few pounds or several 
hundred depending upon the size of the transformer. The 
parts of the coils within the transformer are held so that 
movement cannot take place, while the ends outside the 
core are braced by plates forced against the coils by means 
of tie bolts or pressure screws in the core frames. 

Impregnation of the coils is accomplished several ways 
by different manufacturers. Some impregnate the primary 
coils before assembly and do not dip the entire transformer. 
Others do not dip and bake the primaries before assembly, 
but assemble the transformer and impregnate as a unit. 
The others dip and bake the primaries before assembly, 
assemble, and then impregnate the entire transformer. 
The transformer should be dipped and baked as a unit. 
Whether the primary coils are impregnated before assembly 
depends on the penetration obtained at all points during 
the impregnation of the unit as a whole. Dipping and 
baking the entire transformer increases its oil and water 
resistance and also increases the efficienty of heat transfer 
by filling the voids. 


TRANSFORMER IMPEDANCE 


HE IMPEDANCE RATING of transformers is defined by 

RWMA Standards as ‘‘The per cent impedance of the 
transformer shall be expressed in terms of per cent primary 
voltage required to force rated primary current through 
the combined resistance and reactance of the transformer 
proper. For this purpose the secondary windings shall be 
considered to consist of only that portion of the winding 
which is covered by the primary coils.” In the past few 
years considerable effort has been expended to reduce 
transformer impedance as much as possible without penal- 
izing the cost of construction. It is well to consider some 
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Figure 1. Forces 

between flat pri- 

mary and second- 
ary coils 


A—Electrical centers 
inline; B—Electrical 
centers out of line; 
C—Electrical centers 
in line but coil of 
different dimensions 


(4) (8) (c) 


of the factors that affect transformer impedance. From 
the formula for inductance of flat pancake-type primary 
and secondary coils: 


us (+444 #*)10-* 


L=3.2XT\? X 


where 


L=inductance in henrys 

T, =turns in primary coil 

MT=mean turn in inches 

/=height of primary coil in inches 

s=distance between primary and secondary coil in inches 
d,=width of primary coil in inches 

d, = width of secondary coil in inches 


It can be seen that the following factors affect the trans- 
former impedance: 


Thickness of primary and secondary coils. 
Space between primary and secondary coils. 
Number of turns in the primary. 

Mean length of turn. 

Number of primary and secondary coils. 


oe ea 


Present-day welding transformers generally use rela- 
tively more primary and secondary coils of thinner section 
and thinner insulation between coils, resulting in closer 
coupling between the primary and secondaries. The 
secondary of a welding transformer is inherently a 1- or 
2-turn coil, hence the number of turns in the primary is a 
direct function of the secondary voltage required. 

Little improvement can be made in the mean turn since 
it depends greatly on the cross-sectional area of core iron. 
Because the device is inherently a single-turn secondary 
transformer, the volts per turn are dependent entirely on the 
secondary voltage required, therefore the section of core 
iron is fixed. 

What effect does transformer impedance have on the 
total impedance of the welder? Figure 2 shows the rela- 
tionship between transformer impedance and total im- 
pedance for various loop or throat areas when a trans- 
former of 30-micro-ohm total impedance (referred to the 
secondary) is connected to various loops. The curve is not 
a straight line because the power factor of the loop changes 
as the throat area increases, while the transformer power 
factor remains the same. It is apparent that the effect of 
the transformer impedance on the over-all impedance be- 
comes decreasingly less as the throat area increases. 

In comparing per cent impedance of transformers with 
the same kilovolt-ampere rating, it is necessary that the 
turn ratio be considered, when considering their effect on 
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over-all welder impedance. Although the per cent im. 
pedance may be the same, the transformer impedance in 
ohms referred to the secondary will be different if the turn 
ratios are not the same. : 

Example 1 illustrates two transformers with the same 
kilovolt-ampere rating and per cent impedance, but with 
slightly different secondary voltages and turn ratio. The 
impedance referred to the secondary in one case is 94.5 
micro-ohms while the other is only 79.2 micro-ohms. If 
these transformers are connected to the same secondary 
loop, the maximum secondary current will be approxi- 
mately the same despite the fact that one secondary voltage 
is lower than the other. 


Example 1. Relationship between per cent impedance and turn 


ratio. 


Conditions: Assume both transformers connected to the same loop 
area and configuration. 


Loop Values 


Impedance =0.0001 ohm 
Power factor = 40 per cent 
Resistance = 0.00004 ohm 
Reactance =0.0000916 ohm 


Transformer Number 7 


Kilovolt-ampere =50 name plate 

Per cent impedance = 10 per cent 

Primary impedance =0.388 ohm 

Power factor =70 per cent 

Turn ratio =64 

Secondary impedance =0.0000945 ohm 
Secondary resistance = 0.0000662 ohm 
Secondary reactance = 0.0000676 ohm 

Ry; (total loop and transformer) =0.0001062 ohm 
X;, (total loop and transformer) =0.000159 ohm 
Z; (total loop and transformer) =0.000191 ohm 
Maximum secondary current = 35,900 amperes 
Kilovolt-ampere = 247 


Transformer Number 2 


Kilovolt-ampere =50 name plate 

Per cent impedance = 10 per cent 

Primary impedance =0.388 ohm 

Power factor =70 per cent 

Turn ratio =70 

Secondary impedance =0.0000792 ohm 
Secondary resistance =0.0000555 ohm 
Secondary reactance =0.0000566 ohm 

Rs (total loop and transformer) =0.0000955 ohm 
X, (total loop and transformer) =0.000148 ohm 
Z, (total loop and transformer) =0.000176 ohm 
Maximum secondary current = 35,700 amperes 
Kilovolt-ampere = 224 


The transformer impedance is very important with low 
load impedance while it assumes less importance as the 
load impedance increases. However this does not mean 
that the per cent impedance of the transformer should not 
be kept at a minimum regardless of the load impedance for 
which it is designed. Usually in welding machines the 
transformer is designed for a given secondary loop or load 
impedance. In any kilovolt-ampere size the maximum 
secondary voltage (turn ratio) is changed for appreciable 
differences in throat depth or configuration. The intent 
is to maintain approximately the same maximum kilovolt- 
ampere demand regardless of the load impedance. Under 
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these conditions a change in per cent impedance of a 
transformer designed for a high load impedance will cause 
the same percentage change in output, as an equal change 
in per cent impedance of a transformer designed for low 
load impedance. 

_ Another factor that influences the effect of transformer 
_ impedance on the total impedance, is the power factor of 
the transformer. Although the per cent impedance may be 
_the same, if the power factor or ratio of R and X in the 
_transformer changes, the effect on the over-all impedance 
_ will change. 

___ Figure 3 is a curve showing the change in total impedance 
_ with varying transformer power factors using constant loop 
_ impedance and constant per cent transformer impedance. 


TRANSFORMER EFFICIENCY 


ISTRIBUTION TRANSFORMERS are designed for a very 
high light load efficiency, because they are per- 
‘manently connected to the power lines. On the other 
hand, welding transformers are energized only a small 
- fraction of the time. If a machine operates on a duty 
cycle of 5 per cent for 8 hours a day, 5 days a week, it is 
only on the line 2 hours per week as compared to 168 
hours for a distribution transformer. Losses, therefore, in 
-a welding transformer assume minor importance while 
impedance, space, weight, cost, and mechanical construc- 
tion assume major importance. It is not intended to imply 
that efficiency is not to be considered, however these other 
factors are more important and high efficiency must not 
be secured at their expense. 

More important to the welder user and power company 
is a “welder efficiency” which could be defined as “the 
ratio of secondary ampere output to kilovolt-ampere input.” 
In other words “welding amperes per kilovolt-ampere 
input.” Welding with its high intermittent load often 
presents difficult power supply problems, therefore any 
design change that increases the “welder efficiency” sim- 
plifies the power problem and results in a more economical 
installation. As shown previously, proper transformer 
design can increase “welder efficiency.” 


EXCITATION AND CORE LOSS 


|. TRANSFORMERS are permanently connected 
to the power company lines and it is important that 
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excitation current and no-load losses be kept to a minimum. 
Since welding transformers never are operated at no load 
under normal conditions, the excitation current and no- 
load losses are of no consideration except as they affect the 
normal load current, performance, and over-all power 
factor. 

With the importance of compactness and weight, the 
tendency is to work the core iron at higher densities than 
would be used for distribution transformers. The RWMA 
standards have specified the maximum exciting current as 
follows: not to exceed 10 per cent for transformers up to 
100 kva and not to exceed 5 per cent for all transformers 
100 kva and over. These values would not be tolerated 
in a distribution transformer, but they represent practical 
limitations for welding transformers. 

In general, shell-type cores are used, except in the smaller 
kilovolt-ampere sizes. Using the shell-type core, adequate 
bracing to withstand the mechanical stresses involved dur- 
ing the momentary overloads are easier and more eco- 
nomically accomplished. 

What type of electrical steel is best for welding trans- 
formers? The important limitation for core design is not 
core losses but is the excitation or no-load current. Al- 
though it is not necessary to keep the excitation current to 
a low value as is required in power or distribution trans- 
formers, the excitation current must be low enough so that 
it does not seriously affect the normal load current, per- 
formance, and over-all power factor. The standards set 
up by the RWMA do meet this requirement. In order to 
keep the core section to a minimum, the designer requires 
a core material with as high a permeability as possible at 
high induction. Where space is not too important a con- 
sideration, the choice of electrical sheet is a matter of 
economics. The designer must balance the cost of the 
core material against increased size and weight of the 
transformer, to determine the most economical construc- 
tion. 

In the past few years a considerable number of welding 
transformers have been built using special type of core 
material. Special cores are made from high-quality cold- 
rolled silicon steel with preferred crystal orientation. This 
preferred orientation results in very low losses and low 
excitation current in the direction of rolling. With the 
preferred orientation of the crystals, the knee of the satura- 
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tion curve is raised so that the core can be operated at at least 
30 per cent higher flux density with the same magnetizing 
force or excitation current. A comparison of the saturation 
curves for the special cores and high-grade silicon steel 
laminations is shown in Figure 4. The increased flux 
densities result in transformers smaller in over-all size and 
weight. It is this factor and this factor alone, that to date 
chiefly has determined the use of special core iron for weld- 
ing transformers. Figures 5 and 6 show welding trans- 
formers manufactured with these cores. Figure 5 is a 
35-kva 2-secondary unit used in multitransformer welders 
where space is limited. Without the use of special core 
iron with high permeability at high induction it would be 
impossible to obtain a transformer of this rating in the 
space allowed. Figure 6 is a standard 100-kva 50-per-cent 
duty cycle transformer for a pedestal-type welder. The 
cubic space occupied by this unit is approximately 75 per 
cent of that necessary if standard high-grade electrical 
laminations were used. - 

The question may be raised as to why not all welding 
transformers are made with special high-permeability high- 
induction cores. Here again it is a matter of economics. 
The cost per pound of the core material is considerably 
higher and the designer must balance this cost against the 
saving in all material due to the decreased size and weight, 
and the labor saving involved in shearing and stacking 
standard laminations. 
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Figure 4. Comparison of the saturation curves for the special 
cores and high-grade silicon-steel laminations 


Figure 5. 


Two-secondary special-core-iron 35-kva welding 
transformer 
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TYPES OF SECONDARIES | 


HE SECONDARY of a welding transformer is a high- 
hack low-voltage winding carrying instantaneous 
currents sometimes in excess of 200,000 amperes. Except 
in the very small sizes, the high currents make it necessary 
to have large cross-sectional areas of copper. To reduce 
their size by working at higher current densities they are 
usually water cooled. At the same time the primaries are 
cooled by conduction of the heat to the secondaries. 

Numerous types of secondaries have been used in welding 
transformers. For the purpose of this article, the four 
major types used today as shown schematically in Figure 7 
will be discussed. 

Number 7 is a cast copper secondary with cast-in water 
cooling tubes. This type is the one most commonly used 
today. The cost of construction is low and efficient cooling 
is obtained with the cast-in water cooling tubes. One 
distinct advantage of this type is the ability to obtain 
difficult secondary snout or terminal connecting pads 
without increasing the cost appreciably. In order to cast 
in water cooling tubes of sufficient area, the minimum 
width of the secondary is limited to approximately 5/8 inch. 
This is a disadvantage where transformer impedance is 
important. Another disadvantage is the relatively low 
conductivity of the cast copper and the inability to obtain 
uniform conductivity unless the foundry practice is very 
closely controlled. 

Number 2 is a cast copper secondary with brazed-on 
water cooling tubes. This type of construction allows the 
use of thinner secondary sections making it possible to de- 
crease the impedance of the transformer. It also eliminates 
the porosity sometimes experienced in casting internal 
water cooling tubes. The cooling tubes sometimes collapse 
during the casting operation, resulting in a defective casting. 
Tests indicate however that the cooling is usually not as 
efficient as obtained with cast-in cooling tubes. 

Number 3 is a secondary fabricated from rolled copper 
plate with water cooling tubes brazed to the fabricated 
assembly. Electrolytic rolled copper having a greater 
conductivity than cast copper, permits higher current 
densities to be used resulting in reduced copper section 
and size. The smoother surface of the rolled copper 
secondary results in a lower thermal gradient between 
the primary and the secondary windings. The higher 
allowable current densities decrease the over-all size of the 
transformer. This type of construction also allows the 
designer to use thinner sections for reduced transformer 
impedance. The most serious disadvantage is the increased 
cost of construction. 

Number 4 is a secondary fabricated from copper tubing. 
Round copper tubing is bent and formed to a rectangular 
section by a special process. The efficiency of cooling is 
superior to any of the other types and permits the use of 
much higher current densities. This type of construction 
is difficult to manufacture. Minimum radii must be main- 
tained at the bends resulting in definite limitations to the 
designer. Because of the much higher current densities 
used and the smaller section of copper, the unit has rela- 
tively low thermal inertia. In other words, the transformer: 
would reach dangerously high operating temperatures in 
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- insulation is used for mechanical purposes. 


if 


a much shorter time if the cooling water were lost momen- 


_ tarily. 


To state definitely which secondary construction is best 
would be extremely difficult and would lead to an endless 
argument. All have advantages and disadvantages. 
Which is used depends on the application, cost, preferences 


_ of the individual designer, and available manufacturing 


facilities. 


INSULATING MATERIALS 


it WELDING TRANSFORMERS the insulating problems are 
similar to those found in other low-voltage types. 
The primary and secondaries must be adequately insulated 
from each other and both insulated from the core. In 
general the practice today is to use Class B insulation 
throughout, except in some cases a small amount of Class A 
The insulating 
materials should be oil and water resistant at the operating 


' temperatures used. One of the problems confronting the 


designer is water condensation. In highly humid weather, 
if the machine is operated at a reduced capacity, consider- 
able condensation may occur on the secondaries. If this 
condition exists over prolonged periods, failure may occur 
if the insulating materials do not have good water-resistant 
characteristics. Even then under prolonged periods of 
condensation it is difficult to prevent insulating failures. 
The transformers are often used on hydraulic machines 
and despite all precautions leaks will occur. Therefore 
the insulating material also should be oil resistant. 

In large welding transformers the volts per turn seldom 
exceed 30 volts, thus presenting no difficult insulating 
problem. Usually mica plate or varnished glass cloth is 
used. Sometimes the insulating material used is cut 
slightly wider than the width of the primary copper. This 
however has a disadvantage in that the efficiency of heat 
transfer between primary and secondary coils is reduced. 

The ideal barrier material between primary and second- 
aries would be one with high dielectric and mechanical 
strength, and high thermal conductivity. Unfortunately 
insulating materials with high dielectric strength have 
relatively low thermal conductivity. Laminated phenolic 
material or varnished glass cloth are most widely used as a 
barrier. 

In the past few years some work has been done with 
silicone insulating materials. These materials can be 
operated at much higher temperatures than can be used 
safely with other materials. Experimental units have been 
built and operated at temperatures exceeding 350 degrees 
Fahrenheit. The material offers much promise for the 
future but at present it is difficult to justify the high cost, 
unless unusual operating conditions are encountered. 


CONCLUSIONS 


1. AIEE-RWMaA standards for transformer ratings have 
gone a long way in eliminating the confusion that existed 
before the standards were adopted. 

2. The importance of transformer impedance decreases 
as the throat area (or load impedance) increases. 

3. Losses in a welding transformer assume minor im- 
portance as other factors are more important and high 
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Figure 6 (above). Standard 
100-kva special core welding 
transformer with rolled cop- 
per secondaries. Figure 7 
(right). Types of secondaries 
used in welding transformers 


A—Cast copper water cooling in- 

ternal; B—Cast copper with water 

cooling tube brazed; C—Fabricated 
secondary; D—Copper tubing 
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efficiency must not be secured at their expense. More 
important is welder efficiency (secondary amperes versus 
kilovolt-ampere input). 

4. The excitation current is of no consideration, except 
as it affects the normal load current, performance, and 
over-all power factor. 

5. Major improvements have been made in the per- 
formance of welding transformers in the past 20 years and 
reliable information on operating characteristics is now 
available. 
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Highest Head Propeller Turbines 


The Washington Water Power Company’s Cabinet 
Gorge hydroelectric plant has the highest head installation 
of propeller-type turbines in the United States and has 
the longest penstocks ever used with this type of turbine. 
They are 600 feet long and are not equipped with surge 
tanks. 

The installation consists of four propeller turbines rated 
70,500 horsepower, 120 rpm, under 90 feet effective head. 
Maximum head will be 105 feet at which the turbines will 
develop 85,000 horsepower. Three are fixed-blade pro- 
peller-type turbines and the fourth has an adjustable- 
blade runner. The latter type will handle the system 
load swings; the fixed-blade types operate on base load. 


1093 


Maintenance of Transmission Lines by Helicopter 


L. M. ALEXANDER 


MEMBER AIEE 


UCCESSFUL USE of the transport helicopter in 
Korea and in the Canadian Rockies of British Colum- 
bia is focusing attention on the potentialities of this craft 
as a transport vehicle. With such successful operations in 
mind, a study was indicated of the feasibility of using a 
commercially available 8-passenger 1,500-pound payload- 
carrying transport helicopter for transmission-line mainte- 
nance and repair work. The system studied was the 1,558- 
mile transmission system of the Parker-Davis Project of the 
Bureau of Reclamation, in Arizona, California, and Ne- 
vada. 

Figure 1 shows the payload-carrying capabilities of 
the transport helicopter under varying conditions of 
operation when equipped with suggested basic optional 
items. Line crews, tools, and supplies for hot line change- 
out of a 230-kv insulator string will weigh approximately 
1,400 pounds; a 161-kv double crossarm change-out, 
about 2,600 pounds; a conductor break for either voltage, 
about 2,700 pounds. A _ special cross-country vehicle 
would be used for pole and tower replacement. A com- 
parison of these weights with Figure 1 shows the transport 
helicopter to be capable of expeditiously transporting, 
in one load, crews and equipment necessary to accomplish 
satisfactorily usual transmission-line repair work. Two 
trips are necessary in the less frequent instances of crossarm 


change-out and conductor breaks for high-voltage lines. 
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Figure 1. Payload capacity in pounds for vertical take-off per- 

formance of Sikorsky S-55 helicopter. No wind, no ground run, 

and ability to clear 50-foot obstacle in 400 to 500 feet. Take-off 
weight less payload, 5,450 pounds 
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Table I. Comparison of Annual Maintenance and Repair 
Expenses—1,558-Mile Transmission System—Parker-Davis Project 
See ss. 


Estimated expenses using light helicopter for patrol, with conventional maintenance 
and repair methods—for year 1955 


Salaries, .220ORIUL LEAR. Sas RE. SEs, wey ele no $223,000 
Travel expense ¢ o.0.<.sio.0 odo on) pale ayo ininsnins ane Sinn deleiie as wid An sesale Aan eee 24,000 
Equipment ws... .ccesscccsnrncccrccsccsavescpoescoscesscsmssesncncnn 30,000 
Patrol helicopter™,« s siovs sv « tate avers ioterrene arte ih riage > a icuetnnhs mimes erat 18,000 
Patrol road Maintemgance, ,<. 60 osc cdens 1 cleg panes cunrie ter ome e sa Senet 50,000 

Estimated annual expense... ..-ercecstncse sae cvsiccvsu sine sacs shan $345,000 


Estimated expenses using two transport helicopters as major transport medium for 
transmission line patrol, maintenance, and repair—for year 1955 


GALALIONT 50sec sap wists on ea ac'e oa onl ts cise 2 aa Cae as aie ay eee ree ane $133,400 
Travel expense <i) 7'> ids se j<'dls § alo! m 0G 4 alos € wind. pn oo Syne oblate lo Bisiea 4, 
QUIpMent W365). 510 aer bee a's guise ole me s.niae, 0 aco aie ein otaaih Seige oie ae a ee 20,000 
Transport helicopters. if20.064 DAI a LS 32.2 eae ee ee ee 112,600 
Patrol road maintenance .<.a. ve oo >. Ba gaol pg cee eas ne ae 16,000 
Estimated annual expenses «<1 nies - cane « ocna de vleesior ds 9s Rape mma $286,000 
Estimated ariatal RAVING; «<0 a5 oss od oe ta $ 59,000 


* All operating expenses, including salaries of pilot and mechanic. 
+ All operating expenses, including salaries of three pilots and three mechanics. 


For the system under study, using two transport heli- 
copters permitted: 


1. Reduction of five line crews to two main crews and 
an auxiliary crew. 

2. Virtual elimination of patrol roads for steel tower 
lines and reduction of requirements for wood-pole lines. 

3. Taking advantage of helicopter’s mobility in the 
strategic location of line crews for service restoration 
during emergent conditions. 


Patrolling would be accomplished by helicopters. 
Preventive maintenance of steel tower lines would be 
incorporated in the patrol activity. Ground vehicles 
would be used for preventive maintenance of wood-pole 
lines with vehicles remaining in work area. Helicopters 
would transport all men, supplies, and fuel to daily work 
sites. In addition to providing satisfactory maintenance 
and repair transportation and making possible quicker 
restoration of service during emergent conditions, the 
entire job can be accomplished at a considerably reduced 
annual cost, as is shown in Table I. 

This study indicates that for the system studied the 
use of the transport helicopter takes advantage of the 
inherent qualities of this type of craft and capitalizes on 
its ability to carry repairmen, tools, and supplies to work 
areas in minutes, rather than hours, as is required now. 
The transport helicopter’s relatively great speed and mo- 
bility make possible a major reduction in maintenance 
crews and equipment; increased continuity of service; a 
substantial saving in maintenance and repair costs; and 
an inherent improvement in customer service. 


Digest of paper 53-341, “Economics of Transmission-Line Maintenance and Repair 
by Helicopter,” recommended by the AIEE Committee on Transmission and Distribu- 
tion and approved by the AIEE Committee on Technical Operations for presentation 
at the AIEE Pacific General Meeting, Vancouver, British Columbia, Canada, Sep- 
tember 1-4, 1953. Scheduled for publication in AIEE Transactions, volume 72, 1953. 


L. M, Alexander is with the United States Bureau of Reclamation, Region III, Boulder - 


City, Nev., and O. K. Mangum is with the United States Bureau of Reclamation, 
Parker-Davis Project, Phoenix, Ariz. 
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ONVENIENT FORMULAS for current and voltage 
: in the detector branch of a resistance bridge are 
_ shown in Figures 1 to 3. These formulas are particularly 
useful for determining either the exact sensitivity of the 
_balanced bridge or the approximate output of the un- 
- balanced bridge where the unbalance is, in general, not 
_ greater than the order of 10 per cent. In either case, the 
‘user is assumed to be referring to and working from the 
_ balanced-bridge condition. The proportional error of 
‘the output approximation, based on the exact output 
- value, does not exceed the proportional unbalance of the 
‘bridge (for example, no more than a 1-per-cent error results 

if the bridge is out of balance by 1 per cent). It does not 

matter whether the values of V, J, C, T, S, and D are taken 

from the balanced or from the unbalanced bridge, although 
_ it is more convenient to take them from the former. The 
- formulas in Figure 3 are of course not new, being merely 
_-representations of Thevenin’s Theorem, but they none- 
theless belong in this group to complete the logical assembly 
of formulas. 

The proportional unbalance of the bridge is defined as 
the proportional change of resistance in one arm to produce 
the unbalance. For example, if one arm of a balanced 
bridge, that is a bridge in which the four arms form a 
direct proportion, has a resistance of 100 ohms, then an 
increase (or a decrease) of 5 ohms in this arm will produce 
an unbalance of 5 per cent (or p=0.05). 

A more general definition of proportional unbalance 
(p) is as follows: If X, A, B, and R represent the resistances 
of the four arms of the balanced bridge in rotation, that is, 
A/B=X/R, and if the change occurs in one or more of 
the arms, the proportional changes being represented by 
the expressions AX/X, AA/A, AB/B, AR/R, then p is 
represented by the algebraic sum of the proportional 
changes with alternating signs, that is, p=+A4, /[X— 
AA/A+AB/B—AR/R; signs being taken as shown or 
reversed depending whether the term represents an increase 
or decrease respectively. 

To obtain exact outputs for substantial unbalances, a cor- 
rection factor may be multiplied by any of these formulas. 
This factor, where V, J, C, T, S, and D are taken from the 
balanced bridge, where p = AX/X with appropriate sign, 
where L = resistance of the input branch, and where the 
output terminals are the junction of X and R and the junc- 
tion of A and B is 1/(1 + pz) where z = [X + R/(i + 
G/C) + A/(1 + L/D)\/T. Special cases: in applying to 
formulas for e (Figure 1), G = ©; to formulas for 7 (Figure 
2),G =0; if Vrepresents the voltage across the unbalanced 
bridge, L = 0; if J represents the current to the unbal- 
anced bridge, L = ©. 

There are, of course, two possible locations of the de- 
tector branch in the bridge circuit. In general, the 
preferred location is the one for which the resistance of 
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Resistance Bridge Sensitivity and Output Formulas 
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Special case: where the voltage dropy 


across all four arms is the same, then: 


Figure 1. Available electromotive force (e) 


V—uinput voltage across bridge 
C—output resistance across bridge 
p—Pfroportional unbalance 


T—sum of resistances of all four arms 
I—input current to bridge 
S—sum of conductances of all four arms 
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Special case: if the current through ally 


Ip 


four arms is the same, then: 7:=— 


Figure 2. Available current (i) 


D—input resistance across bridge 
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Special case: if the resistance of all four 
arms is the same, then C= the resistance 
of one arm 


Figure 3. Current (ig) in output branch 


G—resistance of output branch 


the bridge is nearer to the external resistance specified 
for the detector. However, by ‘“‘nearer’’ is meant nearer 
by ratio and not nearer by arithmetic difference. Where 
there is some doubt as to the correct choice and where 
the wattage limitation is the same for all four arms, the 
following rule applies: ‘Connect the detector across the 
higher or the lower bridge resistance depending upon 
whether the specified external resistance of the detector is 
higher or lower respectively than the geometeric mean 
between the resistances of either pair of opposite arms.” 
The branch which connects the junction of the two lowest 
resistance arms with the junction of the two highest resist- 
ance arms is across the higher bridge resistance. 


Digest of paper 53-1, “Sensitivity and Output Formulas for the Resistance Bridge,” 
recommended by the AIEE Committee on Instruments and Measurements and 
approved by the AIEE Committee on Technical Operations for presentation at the 
AIEE Winter General Meeting, New York, N. Y., January 19-23, 1953, Scheduled 
for publication in AIEE Transactions, volume 72, 1953. 

P. M. Andress is a manufacturer’s representative and is associated with the Rubicon 
Company, Philadelphia, Pa. 


1095 


Economic Thermal-Hydroelectric System Operation 


P, L. DANDENO 


ASSOCIATE MEMBER 
AIEE 


W. G. CHANDLER 


HE THEORY and practice involved in the economic 
scheduling of thermal plants, including the effects of 
transmission losses, has been well developed in recent years. 
This article presents a method for short-range optimum 
economic scheduling of a thermal-hydroelectric power 
system with transmission losses rigorously considered. 
The optimum scheduling problem as considered here is 
defined as follows: When using desired amounts of water 
from the hydroelectric plants over a given period of time, 
it is desired to minimize the total fuel input in dollars. 
If it is assumed that, for the period of time under con- 
sideration, the hydroelectric plants operate at essentially 
constant head, the co-ordination equations whose solution 
gives the optimum schedule are 


ated =r M1525 22.0 (1) 
dPs, OPsn 


Bimrarame, (ae 
—+xrA— =A = ile 2; eau s 2) 
i ie, Pay j=ati, at B ( 


dF, 


+r 


where 


dF, 
dP gn 


=incremental fuel cost of thermal plant n in dollars per mega- 


watt-hour 


oLr 
oP Sn 
dW, 


ap, =incremental water rate at hydroelectric plant j in feet’ per 
Hj 


=incremental transmission loss of thermal plant n 


megawatt-hour 
oLr 
OP yy 


=incremental transmission loss of hydroelectric plant j 


\=incremental cost of received power in dollars per megawatt-hour 
The conversion coefficients, y,, which effectively convert 
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Figure 1. Excess costs of other methods over co-ordination 
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Figure 2. On-peak hydroelectric generation schedules 


incremental water rates into incremental plant costs 
determine the amount of water used at each hydroelectric 
plant. 

For purposes of making an economic comparison of 
various methods of scheduling generation, the 17-variable 
loss formula for the Southern Ontario 60-cycle system of 
the Hydro-Electric Power Commission of Ontario was 
reduced to a 4-variable formula including the two major 
steam plants on the system and one equivalent hydroelectric 
plant, with the fourth variable consisting of the other 
generation of the system. The following methods of sched- 
uling the hydro plant and the two thermal plants were 
thencompared: 1. Co-ordination equations (use of equa- 
tions 1 and 2). 2. Equal incremental plant costs (use 
of equations 1 and 2 with 0L,/0P terms considered zero). 
3. Maximum efficiency hydroelectric (hydroelectric plant 
operated at the point of maximum efficiency). (a). With 
thermal plants scheduled according to co-ordination equa- 
tions. (6). With thermal plants scheduled at equal incre- 
mental plant costs. 

The results shown in Figure 1 and Figure 2 indicate the 
advisability of operating the hydroelectric plants below 
the point of maximum efficiency as a first step toward 
economic system operation of the hydroelectric plants 
except when surplus water is available. This is a specific 
conclusion for the system studied, but, in general, will be 
advisable for hydroelectric plants where long distances 
from loads are involved. 

Some additional problems requiring fundamental investi- 
gation are effect of head variation, time of flow between 
plants, probability of occurrence of flows, and manipulation 
of annual storages. 
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Magnetic Amplifier Performs Analytical Operations 
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HE CIRCUIT shown contains two saturable reactors 
with “square loop” cores. An alternating voltage is 
’ applied to their windings through rectifying diodes. During 
positive half-cycles of the supply voltage V,, the core flux 
of the converter stage rises from some preset value to 
Before “firing” only a small magnetizing 
current flows; after firing the supply voltage appears 
_ across the load resistance R, and the winding resistance 
r-. The preset flux is determined jointly by the line 
voltage, which in negative (presetting) half-cycles tries 
to remove the core from positive saturation and by the 
, Opposing voltage of a given half-wave sinusoidal signal 
Vy. This stage converts the waveform of the signal 
V,; into a net output waveform V,’ of nearly equal half- 
cyclic area. 

The multiplier stage operates in a similar way as it 
proceeds toward saturation and eventually fires. Its pre- 
‘setting, however, is controlled by two inputs, namely by 
'V,’ and by another given half-wave sinusoidal signal 
V.2. The multiplier core is removed from saturation by 
the difference between the a-c supply voltage and which- 


SIGNAL 


dc. 


CONVERTER 


MULTIPLIER 


dic. 


SIGNAL 2 


Figure 1. Example of multiplier circuit 
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ever voltage V,’ or V,2 happens to be the lower. A, is the 
volt-time area of reset which determines (and equals) the 
prefiring area Ay, The output voltage V, therefore 
has a volt-time area A,,,, equal to the area A,, of the 
“contour of least ordinates” defined by the two curves 
V,' and V,2x. The reading V, of a d-c voltmeter across 
R,, is proportional to the cyclic averages V; and V2 of the 
two signal voltages V,; and V2 and is inversely proportional 
to the a-c supply voltage V,,.. Thus multiplication as 
well as division of voltages is performed. Other analytical 
operations are performed also by similar techniques with 
extreme simplicity of components and accuracy adequate 
for many practical applications. 
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| hae QUESTION OF 


electric system ground- 

ing in industrial plants 
is one that should be consid- 
ered not only on new plant in- 
stallations and on moderniza- 
tion of existing plant facilities, but also should be consid- 
ered with respect to operating existing plant electric systems 
that were designed originally for ungrounded operation. 


NATURE AND CAUSE OF OVERVOLTAGES 


HE SOURCES of overvoltages are many and of varied 
character. The most prominent ones include: 


Lightning. 
Static. 
Physical contact with a higher voltage system. 
Switching surges. 

5. Resonance effects in 
circuits. 

6. Repetitive restrike (intermittent grounds). 


SS 


series inductive-capacitive 


Much has been written concerning overvoltage due to 
reasons 1, 2, 3, and 4 and the beneficial results obtainable 
when the system is operated as a grounded system. ‘The 
scope of this article will be limited to reasons 5 and 6. 


RESONANT EFFECTS IN SERIES INDUCTIVE-CAPACITIVE 
CIRCUITS 


ae NEUTRAL a-c systems are most commonly 
subject to overvoltages originating from this cause. 
It is important to recognize that ungrounded neutral 
systems are actually capacitively coupled to ground rather 
than truly divorced from ground. Such systems are 
ungrounded in the sense that no interconnection with 
ground has been made purposely, but every element of the 
electric system incorporates some capacitance to ground 
which constitutes an inherent capacitive impedance inter- 
connection between the electric system conductors and 
ground. 

Every ungrounded electric system contains the essential 
elements presented in the lower diagram of Figure 1. 

The electrical behavior of any 1-phase conductor relative 
to ground can be determined by a much simpler equivalent 
circuit as indicated in the upper sketch of Figure 1. In 
terms of this simpler equivalent circuit, it will be possible 
to understand readily the effect of connecting different 
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Some of the reasons why grounding is important 

are discussed together with various methods for 

satisfactory neutral grounding of 3-phase a-c 
systems in industrial plants. 
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types of impedance between 
line and ground as portrayed 
in Figure 2. It becomes evi- 
dent that the connection of 
any value of either resistance 
or capacitance between one 
line and ground produces no dangerous overvoltages. 
The potential on the phase to which the impedance is 
connected progressively diminishes from normal value to 
zero. The potential to ground on the remaining two 
phase conductors will be increased to full line-to-line value 
at the time the first phase conductor has been reduced to 
zero potential. This represents an overvoltage of only 73 
per cent which is not dangerously high and normally will 
produce no ill effect unless continued for a long time. 

The connection of an inductive reactance between line 
and ground, on the other hand, can be responsible for the 
production of serious overvoltages to ground. It is the 
ratio of the inductive reactance of the line-to-ground 
circuit to the total capacitive reactance of the system to 
ground which controls the degree of overvoltage. The 
highest overvoltage will occur when these two reactances 
are equal and at this point may be as much as 10 to 20 
times normal. It is significant to note, however, that 
over a two to one range of reactance, overvoltages of three 
times normal or more would be produced. 

The unintentional connection of an inductive reactance 
between a phase conductor and ground can occur in a 
number of ways, some of which are illustrated in Figure 3. 
The operating magnetic coil of a motor-starter contactor 
may be connected inadvertently between phase and ground 
by a ground fault in the control wire to the push-button 
station or the slip of a maintenance man’s screw driver. 
Any time that the inductive reactance value, which becomes 
connected from phase to ground, falls in the danger region 
indicated on Figure 2, dangerous overvoltages to ground 
will be produced which are communicated over the entire 
metallic conductor system of that operating voltage. 

Overvoltages originating from this cause can be sup- 
pressed completely by a relatively light resistance ground 
on the electric system neutral. A grounding resistor of 
about the same ohmic value as the total charging capacitive 
reactance to ground eliminates overvoltages almost com- 
pletely. It will be evident that there is good reason to 
adopt electric system neutral grounding with a much lower 
value of grounding resistance for other considerations. 


INTERMITTENT GROUND FAULTS 


te pees: OVERVOLTAGES can be developed in un-- 
grounded a-c industrial systems by sputtering or 
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intermittent ground faulting connections. The inter- 
_ mittent character of the fault path may be the result of 
vibration which causes an electric conductor intermittently 
to make contact with ground; the result of scattering par- 
ticles of molten conductor metal which intermittently 
establishes a conducting path to ground; or as a result of 
successive breakdown and seal-off of the separating space 
between conductor and ground. In the last case involving 
_ a fixed separation between conductor and ground, a pro- 
_ gressively increasing breakdown voltage across this gap is 
an essential element involved in the build-up of severe over- 
_ voltages. 
Intermittent ground fault conditions on low-voltage 
3 ungrounded neutral systems have been observed to create 
_ overvoltages of five or six times normal quite commonly. 
An unusual case involved a 480-volt ungrounded system 
_ of a West Coast industrial plant. Line-to-ground potentials 
_ in excess of 1,200 volts were measured on a test voltmeter. 
' The source of trouble was finally traced to an intermittent 
ground fault in a motor-starting autotransformer. About 
_ 2 hours elapsed while the source was being located during 
which time between 40 and 50 motors broke down. 

Electric systems which are grounded through reactance 
of too high an ohmic value (Xo more than ten times X;) 
‘also are subject to overvoltage by this same mechanism 
acting in a little different form. 

An understanding of the manner in which a discontinuous 
electric connection can be responsible for the generation 
of overvoltages can be acquired most easily by examining 
the case of a sputtering or intermittent line-to-ground fault 
on an ungrounded neutral system. 

At A in Figure 4 the vector voltage pattern of a 3-phase 
a-c system is shown as it normally would operate under 
balanced unfaulted conditions. The voltage vectors E,, 
E,, and E, rotate about the neutral at synchronous speed. 
The electric neutral is a point of central symmetry and 
remains constant at ground potential if the individual 
phase voltages are pure fundamental-frequency sine waves. 

Should the A phase conductor become grounded the 
system voltage triangle would become displaced as illus- 
trated in B. At the phase position illustrated in B, the 
A phase voltage is at its maximum value at which instant 
the charging current to ground is passing through zero. 
In case the fault circuit con- 
tains a small gap or an arc, 
the arc current would become a 
extinguished at this point. 
Note that the trapped charge 
on the line-to-ground capaci- 
tance will tend to maintain 
the voltage triangle in the 
same displaced position. In 
other words, the potential of 
the neutral would tend to re- 
main at a direct potential 
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tendency for any voltage to 
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reappear across the gap in the ground fault circuit im- 
mediately following the current zero which occurs at B. 

During the next half-cycle, however, the a-c generated 
voltages will reverse their polarities (vectors rotate 180 
degrees) which would cause the 3-phase voltage vector 
pattern to assume the position shown in the upper part 
of C. Note that during this 1/2-cycle time interval, the 
potential of the A phase has increased progressively from 
zero value to about twice the normal line-to-neutral crest 
voltage relative to ground potential. This value of line- 
to-ground potential of the A phase may be sufficient to 
break down the gap in the ground fault circuit and re- 
establish the connection between the A phase and ground. 
If so, the A phase potential will tend to be yanked suddenly 
to ground potential. There inevitably will be some 
system reactance in the A phase conductor to the ground 
fault point which would result in an oscillation of the A 
phase conductor potential between plus and minus two 
at a frequency probably 20 to 100 times normal. If the 
fault circuit consisted of a solid metallic connection, this 
oscillation would decay to zero leaving the A phase con- 
ductor at ground potential. Note that associated with this 
high-frequency transitory oscillation there will be associated 
a corresponding transitory charging current to ground. 
This transitory charging current to ground, or restrike 
current, again will reach zero value when the system voltage 
triangle is at the maximum excursion in the negative 
direction as shown in the lower part of C. Thus, an 
opportunity is afforded for the gap in the ground fault 
circuit to reclear. If reclearing does occur, a charge 
again is trapped on the system capacitance to ground which 
would tend to maintain a constant direct potential to ground 
on the system neutral. 

In the course of the next following half-cycle, the voltage 
vector system again will rotate 180 degrees causing the 
potential of the A phase conductor to ground to be elevated 
from minus two to minus four as indicated by the transition 
from the lower part of C to the lower part of D. This 
increased voltage across the fault gap again may result in 
restrike by the same mechanism as before in which case 
the voltage triangle would tend to be thrown in the positive 
direction in the form of a high-frequency oscillation be- 
tween potential limits of minus and plus four, which in 
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possible time. 


the presence of a solid metallic connection gradually would 
decay to zero. 

In this explanation of the mechanism, it will be noted 
that all conditions have been most favorable to the creation 
of the highest possible restrike voltages in the shortest 
The restrike has been assumed to occur 
at the time the maximum recovery voltage was reached 
but not before. Likewise, it has been assumed that a 
reclear occurs at the first current zero after restrike. Under 
these conditions, a line-to-ground potential of five times 
normal has been developed in less than 2 cycles. In 
practical cases, the restrike may occur before the maximum 
recovery voltage has been reached and several cycles of 
the transitory oscillation may take place before the fault 
circuit reclears. While in theory it might be possible to 
increase progressively the line-to-ground voltage by 
successive restrike without limit if the dielectric strength 
progressively increases, voltage measurements on actual 
systems indicate that voltage levels of five to six times 
normal are rarely exceeded. 

There is reason to believe that damaging overvoltages 
of repetitive restrike origin are far more common on un- 
grounded neutral systems than would be suspected at first. 
The case which was mentioned in an earlier paragraph is 
very unusual in that the obnoxious restriking conditions 
persisted for a long interval of time while the source was 
being located. A far more common occurrence is one 
in which several pieces of electric equipment on the system 
suffer electrical breakdown apparently simultaneously 
and one or more of the fault conditions was known or 
believed to involve ground. These multiple failures are 
rather commonly associated with ungrounded neutral 
system operation. It also is known that a solid metallic 
ground connection on one phase may exist for substantial 
intervals of time without producing multiple breakdowns 
in equipment although it does produce 73-per-cent over- 
voltage on two of the phase conductors. It, therefore, 
seems reasonable to assume that the multiple failures 
result from the appearance of overvoltages considerably 
in excess of 173-per-cent normal. 

Distribution system overvoltages of repetitive restrike 
or intermittent ground origin can be eliminated entirely 
by effective system neutral grounding. Resistance ground- 
ing with a resistance ground fault of any value upwards 
of the line-to-ground charging current will be effective. 
For various other reasons, it will be evident that higher 
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reactance connec- 
tions between line 
and ground: Case 
CASE 3 1. An inductive 

winding accident- 
ally connected between one phase and ground. Case 2. A 
ground fault at a fuse-protected transformer can blow one fuse 
leaving the reactance of transformers T,, and T3, in parallel be- 
tween line and ground.* Case 3. One broken overhead line 
grounded on the load side of the break connects the reactance 
of transformers T2, and T3, in parallel between line and ground* 
* Y ungrounded transformer connections would produce the same effect. 
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values of available ground fault current will be desirable. 
If reactance grounding is contemplated (it rarely finds 
application in industrial systems), it is important to keep 
the reactance of the grounding circuit sufficiently low so 
that the ratio Y, is no more than ten times X;. If this 
grounding reactance value is exceeded, opportunity is 
given for another type of repetitive restrike action which 
again can result in system overvoltage to ground. 


SYSTEM GROUNDING—WHAT IS IT? 


HE WORD “GROUND” as applied to electric power 
Bibs has a broad coverage. To be specific and to 
avoid misunderstanding, the subject is divided into two 
parts. ‘System Grounding” is defined in the National 
Electric Code as a connection to ground from one of the 
current-carrying conductors of a distribution system or of 
an interior wiring system. An “Equipment Ground” 
is a connection to ground from one or more of the non- 
current-carrying metal parts of the wiring system or of the 
apparatus connected to the system. These include all 
metal parts such as conduits, raceways, motor frames, or 
switch housings. 

The discussion in this article is limited to neutral ground- 
ing of 3-phase a-c systems in industrial plants and comes 
under the foregoing classification of system grounding. 


ADVANTAGES OF SYSTEM NEUTRAL. GROUNDING 


py ie ADVANTAGES of operating an industrial power 
system grounded compared with operating it un- 
grounded may be one or more of the following: 


Reduced operating and maintenance expense. 
Improved service reliability. 

Greater safety. 

Better system and equipment overcurrent protection. 
Improved lightning protection. 


mk ON 


When the neutral of a system is not grounded, it is 
possible for destructive transient overvoltages of several 
times normal to appear from line-to-ground during normal 
switching of a circuit having a line-to-ground fault. Over- 
voltages may be developed by repeated restriking of the 
arc during interruption of a line-to-ground fault par- 
ticularly in low-voltage systems. Experience has proved 
that these overvoltages may cause failure of insulation at 
other locations on the system than the point of fault. Thus, 
a line-to-ground fault on one circuit may result in damage 
to equipment and interruption of service on other circuits. 
The same condition will result from the repeated restrike 
of the arc in an arcing fault from line-to-ground. The 
condition described is illustrated in Figure 5. 

In an ungrounded neutral system, a second ground 
fault on another phase may occur before the first fault is 
removed. ‘The second fault may be on the same circuit 
as the original fault or on another. In any event, the 
resulting line-to-line fault will actuate relays or circuit | 
breakers and trip either one or both circuits. Thus, a | 
single ground fault of relative unimportance may result | 
eventually in considerable damage due to the relatively | 


high line-to-line fault current and the interruption of one | 
or both circuits, see Figure 6. / 
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have lower operating cost 
and better service reliability. 
When the neutral of a sys- 


; NORMAL 
tem is not grounded, a ground N 
fault on one phase causes full tc 
line-to-line voltage to appear 

) B c 


throughout the system _ be- 


_ tween ground and the two un- 


faulted phases. This voltage is 73 per cent higher than 


~ normal. 


Usually the insulation between each line and ground is 
adequate to withstand full line-to-line voltage. However, 
if this voltage is applied for long periods, it may result in 
failure of insulation which may have deteriorated due to 
age or severe service condition. 

While multiple failures from this cause are less frequent 

-than from transient overvoltages, nevertheless when one 
does occur, it means more maintenance and operating 
expense and lower service reliability. Properly grounded 
systems overcome these disadvantages. 

Line-to-ground faults on ungrounded neutral systems 
cause a very small ground fault current to flow through the 
capacitance of cables, transformers, and other electric 
equipment on the system. This current may have a 
magnitude from a few amperes to 25 amperes or more on 
larger systems. ‘This is not, in general, enough to actuate 
protective devices, but it may do considerable damage 
if allowed to flow for a long period of time. 

In a system with neutral properly grounded, and with 
adequate overcurrent relaying, the ground fault current 
will be higher but it will be removed quickly. This often 
results in less damage at the point of fault and reduces the 
cost of repair. 

Even though a plant operator may have experienced 
no displaced neutral, no excessive burning due to charging 
current, nor multiple faults due to transient overvoltages, 
it still costs money to find ground faults in an ungrounded 
neutral system. Ground detectors on an ungrounded 
neutral system will indicate the existence of a-ground fault 
but will not give its location. 

Several devices are available for determining the ap- 
proximate location of ground faults but they, in general, 
require skill to operate and may not be too practical in 
the average. industrial plant. The usual procedure in 
locating a ground fault is to open each circuit individually 
until the faulted current is located. Should there be two 
faults on the same phase of different feeders, all feeders 
must be opened and then closed one at a time to find the 
faulted feeder. This is costly and reduces service re- 
liability because service is dropped while looking for the 
fault. Take the case of Figure 7 with a ground fault at 
A. While one can see from the diagram where the fault 
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Figure 4 (left). Overvoltages developed 


. Eb Ec by repetitive restrike on ungrounded 
-—- systems. Figure 5 (above). Transient 
Fv *. overvoltages during interruption of 
bo J A 

eS line-to-ground fault on ungrounded 


system 


is, one usually cannot see where the ground fault is in an 
actual ungrounded plant power system. The first step 
is to open the secondary feeders one at a time. This 
will tell which feeder the fault ison. This means dropping 
at least one feeder if you are lucky and hit the grounded 
feeder first or all feeders if the ground is on the last feeder 
opened. After finding which feeder the fault is on, then 
the branch circuits are opened one at a time and finally 
the motors and loads taken off one at a time. If this is 
done during production hours, one readily can see how 
much production loss there will be just to find a ground 
fault in an ungrounded system. This is contrasted with 
a grounded neutral system where only the motor A, Figure 
7, would have been tripped out and hence no other pro- 
duction machines interfered with. 

Often it is argued, however, that with an ungrounded 
system one ground fault can be left on the system until 
it is convenient to locate it without interfering with pro- 
duction. Under modern working conditions this may 
mean after the regular shift, if the plant has only one shift. 
In some continuous processes like a paper mill, this means 
the fault locating can be done only on week ends, In 
processes that run the year round, such as a glass, plant, 
it means that ground faults can be hunted only during 
vacations. In single-shift plants, hunting ground faults 
after regular working hours may mean overtime pay. 

Because of the factors just mentioned, the tendency is 
to let the ground faults in an ungrounded system go until 
the plant shuts down or it is convenient to locate the fault. 
This practice, however, results in most cases in even poorer 
service continuity. While it is true that the grounded 
motor, Figure 7, was not affected with the first ground fault, 
the system having this one ground is subject to a double 
outage should a second ground fault occur on another 
phase. 

When this happens, two circuits are tripped out. Now 
there are two emergency outages, and double the loss of 
production that would have occurred in grounded neutral 
system where the ground faults are isolated automatically. 
With service crews generally available, it takes more than 
twice as long to repair two ground faults at once than it 
does to repair two nonconcurrent faults particularly if the 
two concurrent faults are in isolated parts of the plants. 

Experience has shown that double ground faults are 
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Figure 6 (left). Multiple ground faults. 
fault on an ungrounded neutral system 


common in ungrounded systems simply because the first 
ground is left on hoping that the operator will find it before 
the second ground fault occurs. In other words, most 
ungrounded systems are grounded accidentally most of 
the time anyway. 

Since grounded motors and circuits have to be removed 
for repair, why not use a grounded neutral system which 
will indicate which motor or circuit is grounded so that 
the faulty part can be removed and repaired as soon as 
the ground fault occurs, instead of using an ungrounded 
system and running the risk of having to repair two faulty 
pieces of equipment at once and take double the production 
outage. 

The grounding of 208Y/120-volt systems has been 
adopted almost universally. Grounding the neutrals of 
480- and 600-volt systems has been impractical in the past 
because all 3-phase transformers supplying these voltages 
have been historically delta-connected. 

Now standard load center unit substations are available 
with Y-connected secondary windings rated 208Y/120, 
480Y/277, or 600Y/346 volts, and which enables low- 
voltage system neutral grounding which provides a safer, 
more reliable, and lower operating cost power distribution 
system. These substations are available with delta- 
connected primary windings. 

The new standard Y-connected secondary windings for 
the 480- and 600-volt substations enable these units to be 
used for either grounded neutral or ungrounded 480- or 
600-volt systems respectively. The low-voltage neutral 
is brought out through a bushing. When grounding is 
desired, the terminal of the neutral bushing is connected 
to the low-voltage ground bus. When grounding is not 
desired, this connection is left off. Therefore, one line of 
unit substation transformers now provides all the voltage 
ratings commonly required plus the advantage of being 
able to operate the low voltage either grounded or un- 
grounded. Substations rated 240 volts are delta-connected. 
To obtain grounded neutral operation in this voltage class, 
either the 208Y/120-volt substations or 240-volt delta 
substations with grounding transformers may be used. 

Low-voltage grounded-neutral systems are more reliable 
and less costly to maintain and operate than ungrounded 
low-voltage systems. This is due to reasons already 
outlined, that is, elimination of overvoltages which de- 
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teriorate insulation and which cause 
multiple breakdowns and in 
grounded neutral systems properly 
relayed, the ground faults are iso- 
lated automatically to save taking 
the time and spending the money to 
take the system out of service or to 
use a ground fault locator to find the 
ground faults. 
Low-voltage grounded-neutral 
systems are safer than ungrounded 
systems. The neutral is held at 
ground potential (where a proper 
electrical path to ground is main- 
tained) and, therefore, the potential 
of any conductor to ground is 
limited to about 277 volts maximum at 480 volts line- 
to-line or about 346 volts maximum at 600 volts line- 
to-line. In an ungrounded system the actual neutral 
floats somewhere near the true electric neutral due to 
the capacitance effect of the system conductors. Therefore 
when there is no ground on an ungrounded system, the 
shock hazard is no greater than on a grounded neutral 
circuit. Since there is a current flow of only a few amperes 
charging current when one conductor of an ungrounded 
system becomes grounded, air circuit breakers or fuses 
will not operate to remove the faulty circuit. Hence, 
the ground fault on an ungrounded system may remain 
there until the operator tracks it down and removes it. 
Because of the difficulty of finding these ground faults, 
they may be left on ungrounded low-voltage systems for 
extended periods of time. During this time, there is full 
line-to-line voltage between two conductors and ground 
of an ungrounded system, hence, an increased shock 
hazard should anyone accidentally touch one of the un- 
grounded conductors. 

It should be emphasized that in referring to a grounded 
neutral system, the neutral is grounded at the substation 
and is not carried to the distribution system. As far as 
the distribution system is concerned, only the 3-phase 
wires are carried through. _ It makes no difference as to 
what type of 3-phase electric equipment is used on the 
system. That is, motors, transformers, and other pieces 
of equipment can be connected in any manner internally 
and there is no reason for grounding the neutral of the 
motor winding or other utilization equipment. 

The first cost of a grounded neutral 3-wire 480- or 600- 
volt unit substation is about the same as a unit substation 
with delta secondary connections and ground detectors. 

Further savings of about $15 to $30 per kilovolt-ampere 
of lighting load can be made by using 264-volt fluorescent 
lamp ballasts fed directly from a 480Y/277-volt unit sub- 
station for general area factory lighting. 
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problems. Service transformers usually will be found to 
be delta-connected. 
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The grounding of existing systems pre- 
viously operated ungrounded will present many perplexing 


Ideal neutral grounding can be. 


( 


ey using a separate grounding transformer. 
Mid-phase grounding is a next best solution but limited 
to cases using banked single-phase transformers. Corner- 
of-the-delta grounding also will achieve most of the desired 
_ objectives but with a somewhat greater number of unde- 
sirable compromises. 

Unless the existing system is in good condition, of 
reasonably modern design, and adequate from a short- 
-Circuit standpoint, the best long-range plan for the customer 
well may be a modernization program using new load- 
center unit substations. 


Grounding Transformer. Application of a _ grounding 
transformer is one possible solution. It is desirable that 
sufficient ground fault current be available to actuate 
instantaneous trip coils on feeder circuit breakers. This 
would be 15 times the rating of the largest feeder circuit 
_breaker, thus the size and cost of a suitable grounding 
transformer will be a sizeable item. 


Corner-of-Delta Grounding. ‘The grounding of one phase 
conductor often is proposed as a solution to the system 
grounding problem. While this procedure will satisfy 
- most of the system grounding objectives, it contains several 
rather serious disadvantages, namely: 


1. Throughout the system, two phases are forced to 

operate continuously with a  line-to-ground potential 

73 per cent greater than necessary; while the third operates 
with zero electrical stress. 

2. The National Electrical Code requires that motor 
circuits containing only two overload relays be so wired 
that the overload units are in the ungrounded conductors. 
Meeting this requirement could be an annoying costly 
proposition. 

3. A ground fault on the grounded phase conductor 
causes no protector operation yet allows diversion of load 
current to the building ground system at the point of fault 
contact with attendant sputtering and local heating. 

4, Sustained operation of circuits with 100-per-cent 
zero sequence voltage (one conductor at ground potential) 
may be responsible for induction of stray signals into 
adjacent signal or communication circuits. 


In view of these compromises involved in corner-of-delta 
grounding, it would be well to recommend strongly that 
the user adopt neutral grounding conceding corner-of- 
delta grounding as a compromise solution, which well 
might prove to be more expensive than neutral grounding 
on an over-all basis. 

Mid-Phase Grounding. Grounding of the mid-point of 
one phase of the delta is applicable to banked single-phase 
transformers. While this method of grounding is less 
desirable than neutral grounding, it is better than corner- 

of-the-delta grounding. All phase conductors are “hot” 
to ground. One conductor would operate at 150 per cent 
while the other two would operate at 87 per cent of the 
ideal potential to ground. 

Keep in mind that this grounding method is applicable 
to banks of single-phase transformers. It offers no ad- 
vantage in the case of 3-phase transformers. It never 
would it be considered for a load center substation. 
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CONCLUSIONS 


pr SYSTEM GROUNDING pays dividends on low- as 
well as medium-voltage systems. The number of 
industrial plants operated with grounded electric systems 
has been expanding rapidly. Many critical industrial 
process plants such as glass, paper, steel, and cement are 
operating with their low-voltage system grounded. From 
these critical process plants as well as others, the operating 
data show improved electric system performance and 
fewer equipment outages after the grounding of the dis- 
tribution system. 

The problem now is one of education to overcome the 
inertia of years of ungrounded system experience. Without 
a doubt, the ungrounded system originated as a happen- 
stance rather than a planned affair. The three terminals 
of the source were simply connected through to the three 
terminals of the load machines. The 480-volt Y trans- 
former is now a listed standard load center substation with 
many manufacturers. This is suitable for universal service, 
grounded or ungrounded. Plant engineers who now 
believe that ungrounded operation is better should be 
strongly urged to adopt the 480-volt Y substation. It 
will meet their present desired ungrounded service re- 
quirements and 2 or 3 years hence, when they become 
convinced of the merits of the grounded operation, the 
stations can be converted by merely grounding the low- 
voltage neutral bushing to ground. The number of unit 
substations sold by the electrical industry in the last 4 
years has shown an astounding rise in the proportion of 
transformers with a neutral bushing brought out so that 
the system can be operated as a grounded neutral system if 
so desired. 

This marks a very definite trend by the electrical in- 
dustry; the grounded neutral system for industrial plant 
operation will become more and more universal as time 
passes and every electrical engineer concerned with 
industrial plant electrical operation should be well aware 
of the merits. 


Reactor Sphere Completed 


The Atomic Energy Commission has announced that the 
large steel sphere at the Knolls Atomic Power Laboratory, 
West Milton, N. Y., has been completed. The sphere 
will be used for test operations by the General Electric 
Company on a prototype atomic power plant for sub- 
marines. 

Closing of the last openings at top and bottom marked 
the end of 10 months’ work. A total of 682 steel plates 
were joined together to. make the structure which, together 
with its supporting columns, weighs 3,850 tons. The 
sphere is 225 feet in diameter and is higher than an 18- 
story building. 

Purpose of the housing is to provide insurance against 
the escape of radioactive material in the remote chance 
that numerous safety devices fail simultaneously. The 
atomic reactor will be installed in a land-based submarine 
hull section. Water will surround part of this hull inside 
the sphere to simulate actual sea-going conditions. 
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Differential Reactive Current Protection Relay 


R. W. STINEMAN 


PROTECTIVE DEVICE which the author has called 

a differential reactive current protection relay 

(DRCPR) was developed for use in an aircraft a-c electric 

system, as a solution to a number of problems associated 

with reactive load division. This protective device is 

equally applicable to any system of paralleled alternators 
with automatic voltage regulation. 

A schematic diagram of a simplified version of the 
DRCPR which may be used to illustrate the principles of 
operation is shown in Figure 1. The polarized relay has 
two opposing coils, the one on the left of the figure being 
connected through a bridge rectifier directly to the line 
transformer and hence serving as a reference. The other 
relay coil is energized by the secondaries of the line trans- 
former and mutual reactor connected in series. If the 
alternator delivers other than its share of current to the 
bus, then a current flows in the primary of the mutual 
reactor which is proportional to the deviation of the 
alternator current from the desired current. ‘This charac- 
teristic of a current transformer loop is described more 
fully by Granath and Hawkes.! As a result of the current 
in the mutual reactor primary, a voltage is induced in the 
mutual reactor secondary which affects the voltage applied 
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Figure 1. Schematic diagram of the differential reactive current 


protection relay 
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to the right-hand coil of the polarized relay. The vector 
relations are illustrated in Figure 2 for the case where the 
alternator is delivering more than its share of lagging 
reactive current, such as would occur if a voltage regulator 
malfunction caused overexcitation of the alternator. 
Since the mutual reactor secondary voltage leads the 
primary current by an angle approaching 90 degrees, the 
voltage applied to the right-hand relay coil in this case 
is increased, actuating the relay armature to the right. 
If the alternator were to deliver less than its share of 
lagging reactive current, then the mutual reactor vectors 
would be reversed and the relay armature would be actuated 
to the left. For real current unbalances, the mutual reactor 
vectors would be rotated 90 degrees and the unbalance 
would have little or no effect on the polarized relay. 

In the application for which the DRCPR was developed, 
one control signal was used to trip a circuit breaker to 
isolate the alternator if overexcited, the other to energize 
a warning light should the alternator lose its excitation. 
In the case of overexcitation, conventional overvoltage 
protection was cut in after the circuit breaker had tripped. 
The particular application would govern the manner in 
which the control signals would be applied. Care must 
be taken to avoid false trips or indications, since whenever 
a faulty alternator is delivering more than its share of 
current, then the other alternators must be delivering less 
than their shares. 

The DRCPR has considerable inherent flexibility and 
may be adapted to many situations. Simple changes in 
the external connections to the unit will cause it to respond 
to real rather than reactive current. Other simple modi- 
fications in the external connections will cause the unit to 
respond to various combinations of real and _ reactive 
current. 
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Impedance Transformations in Band-Pass Filters 


= * 


I, Js OF DONNEEL E. M. WILLIAMS 


MEMBER AIEE 


ESIGN OF band-pass impedance transforming filters is H H 
derived from Norton’s' equivalence between a dissym- +1 
metrical band-pass filter and a symmetrical section plus an 
ideal transformer. This equivalence is illqstrated for a T 
section in Figure 1. The dissymmetrical section is exactly =| 
equivalent to the symmetrical section if 


s Z,4=2Z,—ZAr—1) 


il 


Zp=rZ,+r(r—1)Z, ‘ 
—LZo=1Z., 


DB ABOVE 0.25 


‘Similar equivalences exist for “Pi” sections. The design 
of a network for a specific transformation may proceed by 
(1) selection of the symmetrical section ideal transformer 
system; (2) determination of the dissymmetrical section wu _7 
- constants from the equivalence formulas. Limits of physi- 
cal realizability can be imposed in several ways, two of 
which lead to classes of general interest. <9 


EES aes 


Case a. No negative circuit elements appear in any network 


: / : : — -10 
branch. Network sections synthesized with this restriction re- 40 BOL GOR, 1607 200 620 a 
‘ A : : : ; ' 2 
sult in cascades in which the maximum impedance ratio var- FREQUENCY Mc. 
les from section to section, decreasing as the impedance level MEASURED AND GALCULATED 
increases. The over-all ratio of such a cascade is given by MAGNITUDE OF VOLTAGE TRANSFER 
RATIO 


= T,(1-+Ni/No) 
in which T,, is the Tschebyscheff polynomial’ of order n. 


The quantity 1 + Ni/N2 can be expressed in terms of the 26.4 uuF 
cutoff frequencies of the passband by a relation dependent 
on the form of symmetrical section from which the syn- 


thesis proceeds. 


Case b. No negative circuit elements appear in any interior 
branch of a cascade. Networks synthesized with this restric- 
tion make use of the cancellation of a negative circuit ele- 
ment in one section by a positive element in an adjacent figure 2. (Top) Calculated and measured values of voltage 
section to form a resultant structure with positive elements transfer ratio in the circuit shown. (Bottom) Constants of a single 
only. A cascade of such sections has a negative element section type (a) filter design for 200- to 500-ohm transformations 
in either input or output branch which is not matched by for the frequency range of television channels 2 through 6 


a positive element. This leftover negative circuit element TT m. | 
may be eliminated by a special input or output se ction UPO™ the restrictions of case a. On the other hand amini- | 
with the appropriate positive element. The transformation = '7U™ of two sections, basic section plus matching section, 


; ; : See e is required so that a single section based upon case a i 
ratio of a cascade of n sections of this type, excluding input | i. oN wre ae 

sae ieee likely to be more economical for small impedance ratios 
or output section, is given by 


or narrow bands. An example of a useful single section 


r= [(Mi/No+1) + M2/N2+2Ni/No]n (case a) impedance transformer is given in Figure 2. 


This ratio is always higher than that for a synthesis based REFERENCES 
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Analysis of a Limiter as a Variable-Gain Devic 


Dy Re Bonar 


HE METHOD of determining the output spectrum 
ie an amplitude limiter presented here also may be 

used to solve the related problem of ascertaining the 
side-band spectrum of the angle-modulation component of 
asignal. A limiter has been defined as ‘“‘a transducer whose 
output is constant for all inputs above a critical value. 
Note: A limiter may be used to remove amplitude modu- 
lation and transmit angle modulation.”! The following 
analysis treats a limiter as a device which varies its gain so 
that the amplitude-modulation component of the input 
wave is eliminated. Thus, when the amplitude-miodula- 
tion component changes the level of the signal wave, the 
gain of the limiter is altered in such a manner as to maintain 
constant output level. In this manner, the amplitude- 
modulation component is erased. 

The input wave as shown in Figure 14, will be used to 
describe the variable-gain characteristic of a limiter. ‘This 
input wave has both amplitude- and angle-modulation 
components. As has been mentioned, the purpose of the 
limiter is to remove the amplitude-modulation component 
signal, thereby leaving a pure phase-modulated wave. 
The conventional limiter removes the amplitude-modula- 
tion component by converting the input wave into a con- 
stant-amplitude angle-modulated square wave. If the 
limiter is considered as a variable-gain device, it readily can 
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Figure 1. Waveforms demonstrating method of analysis 
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This method for analyzing the effect of a limiter 
upon a signal is based upon a simple physical 
concept of the limiter and does not require the 
use of advanced mathematical techniques. The 
limiter is treated as a variable-gain device which 
amplitude modulates the input signal. Two 
examples demonstrate the new method. 


be seen how the square wave is derived from the input 
wave. Figure 1B shows the instantaneous limiter gain 
function* of the limiter. When this instantaneous-limiter 
gain function amplitude modulates the input wave a square 
wave is produced as shown in Figure 1C. When the 
limiter is tuned, the square wave is converted into a sinu- 
soidal wave as shown in Figure 1D. 

The dotted curve in Figure 1B is called the envelope- 
limiter gain function. When this function modulates the 
wave shown in Figure 1A, the angle-modulated sine wave in 
Figure 1D is produced. ‘The envelope-limiter gain function 
ELGF(t), is equal to the inverse of the envelope of the input 
wave. 


ELGF(t)=1/F(t) (1) 


where F(t) is the equation of the envelope of the input sig- 
nal. 

Modulation by this envelope-limiter gain function erases 
the envelope variations which in effect is the same as 
eliminating the amplitude-modulation component of the 
wave. It does this erasing without distorting the wave- 
shape of the carrier. Therefore, only the fundamental 
spectrum of the angle-modulated wave is produced. Since 
most limiter applications do not utilize the harmonic con- 
tent of the limiter, and in fact are tuned to eliminate the 
harmonic spectra, analysis using the envelope-limiter gain 
function gives a more practical answer to most problems 
than using the more complicated instantaneous-limiter gain 
function. 

The envelope-limiter gain function is a relatively simple 
function which readily is analyzed in terms of its Fourier 
series components. Use of the envelope-limiter gain func- 
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*It should be noted that two similar terms, instantaneous limiter gain function and envelop: 
limiter gain function are used herein. It will be shown that modulation of the inpu 
wave by the instantaneous limiter gain function produces an angular modulated squar 
wave whereas modulation by the envelope limiter gain function produces an angular modu 
lated wave without distorting the waveshape of the carrier, 


ELECTRICAL ENGINEERINC 


tion allows a simple approach to the basic problem of de- 
termining the angle-modulated side-band spectra of a 
wave, or what is the same thing, the fundamental spectrum 
output from a limiter. As will be shown, this method does 
not involve the use of Bessel functions and the calculations 
are relatively simple. 

The limiter therefore may be considered as an amplitude 
modulator which modulates the input signal by the enve- 
lope-limiter gain function. When the input spectrum com- 
‘ponents are multiplied (amplitude modulated) by the 
-envelope-limiter gain function, a new side-band distribution 
is produced wherein the input frequency components are 
carriers modulated by the envelope-limiter gain function. 
This side-band distribution is the fundamental output of the 
ideal limiter. 


THE ANALYSIS 


‘YP HE METHOD may be outlined in the following series of 
+ steps: 


1. The signal wave fed to the limiter is fully described 
‘as to the amplitude, frequency, and relative phase of the 
spectrum components. 

2. The envelope function, F(t), of the input wave is 
determined. 

_ 3. The inverse function of the input envelope function, 
1/F(t), is next calculated. This is the envelope-limiter gain 
function, ELGF(t). 

4. The Fourier series describing the envelope-limiter 
gain function determined in step 3 is calculated. 

5. Each individual input signal component described 
in step 1 is amplitude modulated (multiplied) by the 
Fourier series of the envelope-limiter gain function. The 
‘resulting spectrum is the desired output of an ideal limiter 
and therefore it is the phase-modulation component of the 
input wave described in step 1. 


HARMONIC CONTENT OF A LIMITER 


ee PRECEDING ANALYSIS may be extended to determine 
the harmonic content of limiters. This problem is, 
‘however, of less importance in practical work than the 
determination of the fundamental spectrum. In order to 
‘determine the harmonic content, it is necessary to use an 
‘instantaneous-limiter gain function shown in Figure 1B. 
‘This wave is considerably more complex than the envelope- 
limiter gain function. 

Dr. D. G. Tucker in a recent article? described a technique 
of analyzing limiters. His method requires the determina- 
tion of a square wave that is phase modulated by the phase- 
modulation component of the input wave. This square 
wave is then multiplied by the input-wave equation. It 
would appear that this method would produce results 
similar to results obtained by use of the instantaneous- 


limiter gain function. 


TWO-TONE SIGNAL PROBLEM 


A AN INTRODUCTORY EXAMPLE of the application of this 
analysis, the side-band distribution of the phase- 


modulation component of a wave composed of two tones, 


+In many cases, it will be less laborious to do step 4 before step 3. In the following 
*2-tone example” step 4 was calculated before step 3. 
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Figure 2. Two-tone problem (numbers given are not rounded off 
in order to clarify calculations) 


one being ten times the other in magnitude, will be deter- 
mined. A spectrum diagram of the problem is shown in 
Figure 2A. The Fourier series describing the envelope of 
this wave has been calculated by Moullin.*4 
for this particular ratio of signal amplitude is to a close 
approximation. 


F(t)~1+0.1 cos wt—0.0025 cos 2wt (2) 


where w=2zf and f is the frequency separation between 5S; 
and § 2. 

Step 3 in the analysis calls for determination of the 
envelope-limiter gain function and, therefore, the next step 
is to solve for the inverse of the envelope equation. 


1 
Envelope 1-++0.1 cos wt —0.0025 cos 2wt 


ELGF(t) = (3) 
using the relationship cos 26 = 26 cos 7@—1, the inverse of a 
power series into terms of cos wt can be obtained. 


1 
ELGF(t) = 4 
() 1+0.1 cos wi—0.005 cos 2wt (4) 


dividing and using trigonometric identities, the following 
relationship is obtained: 


ELGF(t)~1—0.1015 cos wi+-0.0075 cos 2wt—0.0005 cos 3wt (5) 


Knowing the equation for the limiter gain function and 
the side-band distribution for each of the two input com- 
ponents, step 5 is performed readily. ‘The spectrum result- 
ing from the modulation of S; by the limiter gain function is 
shown in Figure 2B. Figure 2C shows the result of modula- 
tion of S, by the limiter gain function. These frequency 
components are vectorially summated and the result, Figure 
2D, is the output of the limiter. These side bands are the 
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Table I. Common Limiter Diversity Signal-to-Noise Ratios 
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side bands of the phase-modulation component of the input 
wave. It should be noted that this side-band distribution 
problem was solved without the use of Bessel functions 
which is characteristic of the method. 


COMMON LIMITER DIVERSITY PROBLEM 


N IMPORTANT PRACTICAL ILLUSTRATION of the previously 
described method concerns the common-limiter 
diversity system. This diversity system has been described 
a number of times® and therefore a thorough description of 
it is not necessary. ‘The common-limiter system, as shown 
in Figure 3, utilizes the capture effect of limiters to reduce 
the amplitude of the weaker signal. In this manner, the 
stronger signal is always favored. ‘The two signals to be 
combined are fed to the grid of a limiter. One signal 
differs in frequency from the others by an appreciable 
The output of the limiter is fed to separate dis- 
criminators tuned to the diversity frequencies. 

This analysis determines the amount of degradation in 
signal-to-noise of the common-limiter diversity system under 
certain assumed conditions. It will be shown that the sig- 
nal-to-noise ratio of the combined output wave is worse than 
that of the better diversity input signal. This effect is most 
noticeable when the input diversity signals are equal or 
nearly equal in level. 

It should be noted that the following analysis only con- 
siders one of the many characteristics of this form of diver- 
sity and should not be considered as a complete appraisal of 
this system. Of course, it is an important effect and should 
be considered in any complete study of the system. 

A qualitative examination of this system reveals that 
there should be some signal-to-noise degradation in the 
system. This may be seen by using the afore described 
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xt Figure 4 (left). 

diversity calculations. 

considered, higher components are outside 

Figure 

envelope-limiter gain function in common- 
limiter diversity 


Kahn—Analysis of a Limiter 


i 
method of treating a limiter as a variable-gain device which 
varies its gain as an inverse function of the input signa 
level. Thus, when the input-wave level is minimum, the 
gain of the limiter is ata maximum. During periods wher 
the input signals are of such relative phase as to tend tc 
balance out, the resultant wave fed to the limiter is reduce 
and the gain of the limiter tends to increase so as to main- 
tain a constant output. During these periods of signal 
bucking, the signal-to-noise ratio is reduced because the 
noise is relatively constant. When the signals are of suck 
phase that the input wave is large and therefore its signal- 
to-noise is increased, the gain of the limiter is reduced 
Thus, the gain of the system varies as an inverse function 0} 
the instantaneous signal-to-noise ratio thereby degrading 
the output signal-to-noise ratio. 


ASSUMPTIONS 
r ; ‘HE FOLLOWING assumptions are made: 


1. A dual-receiver diversity system is used. 

2. Signal 1 ($1) equals Signal 2 (S2). 

3. Noise 1 (Ni) equals Noise 2 (N2). Noise 1 is the 
noise that accompanies Signal 1 and Noise 2 is the noise 
that accompanies Signal 2 

4. The noise is random and therefore noise components 
add powerwise. 

5. The amount of limiting is sufficient to maintain @ 
constant output level. Increasing the amount of limiting 
over this point does not affect the output wave. 

6. The ratio of S;/N; and S2/N2 is equal to or greater 
than 5. 


CALCULATIONS 


Step 7 
the limiter 


The frequency components of the input wave te 
are shown in Figure 44. Sj is the signal in 
Channel 1, S$: the signal ir 
Channel 2. The noise Nj’ 
is one of an infinite number o! 
noise components in Channe 
1. No.’ is one of the infinite 
number of noise component: 
in Channel 2 and it has ran- 
dom phase relative to noise 
N,’. At the instant shown ir 
the vector drawing, S$) is ir 
phase with Sb». 

Step 2. The amplitude 
modulation component of the 
input wave is shown approxi 
mately in Figure 5. The wave 


ue 
Me We 2n-e 


Results of common limiter 
Note: Only B, is 


5 (above). Approximate 
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follows a cosine shape for most of the period, however, when 
he signal approaches cancellation, the noise component 
predominates. Since the noise is assumed to be random its 
level is fairly constant. ‘Therefore, during periods of almost 
total signal cancellation the input wave is almost constant. 


This input wave is closely approximated mathematically as 
follows: 


F()=[v ]}+[25: sin o 77S + [w]e + 


[2s anor" +LN 


where N equals the rms sum of Ny and Ne. 


(6) 


Step 3. The envelope-limiter gain function, ELGF(t), 
which is the inverse function of step 2, is determined. This 
- function may be defined by the following equation. 


exon) =1/r)=| 1/v | +} ah +l ots 
3 0 sin 6 2) Je ee 


=f ih Qa —e Qa 
—— 1/N 
E 6 =a... +| / 8 =e 


Step 4. Next, the Fourier series describing this wave is 
determined. The fundamental frequency of the Fourier 
series is assumed to be equal to one-half the frequency 
_ separation between the signal frequencies in order to sim- 
plify calculations. Due to this choice of fundamental fre- 
quency, there are no odd harmonic terms. The d-c com- 
ponent and the second harmonic term only need be calcu- 
lated because the higher harmonics fall outside the dis- 
criminator’s passband. The d-c component equals: 


1 wv 
anf ELGF(t)d9 
0 


! 26 ie die=cos G1 \" a, 

ey Vos | ain 6 (J, 

eee ee sin 6 \\ 
= a 251 mo 1-+cos 6} }, (8) 


where ¢e=arc sin N/25}. 

Due to the choice of fundamental frequency, the funda- 
mental component is equal to zero. The second harmonic 
term is equal to: 


| a. Ld 
mt f ELGF(t) cos 26d6 
W 
. 0 
2 ® cos 20d0 Taco COS ZO, ® cos 20d6 
= at —— ———— + a 
i a N - 25, sin 0 zoe N 
Die at ¢ et sin @ \*™—* 
=“| —( sin 20 1 ti 
‘Tan(e +354 Pe 1-+cos 4 
a 6 apa iets in 20 : 
— —| sin 
2S ca e 2N ae 
Vip2 4 cos ¢ 1 sin 0 Nea 
=-]| — si = 1 
ys ee Si +(3 8 1 4-cos 6 e | 


Step 5. The two signal components and the two noise 
components are modulated separately by the limiter gain 


(7) 


_where e=arc sin N/25}. 
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function determined in step 3. The result of this process is 
shown in Figure 4B, C, D, and E. 

The resulting spectra are summated vectorially and the 
result is shown in Figure 47. This summation shows all 
the components that lie within the passband of the dis- 
criminator. The 5S; output of the limiter is equal to: 


By 
Stout =( Ao ag Sy 


The noise components have a random phase relation and 
therefore the resultant N; component is equal to: 


B 2\1 
Niout= (40+ 72) fy, 


Table I shows the calculations made to determine the 
signal-to-noise degradation due to this factor. It should be 
stressed that this effect is maximum when the input signals 
are equal in amplitude. It is seen that this effect accounts 
for approximately 7 to 11 decibels signal-to-noise degrada- 
tion when the input signal-to-noise ratio is from 14 to 30 
decibels. These relations are shown graphically in Figure 
6. Also shown in Figure 6 is an experimental curve sub- 
stantially confirming the calculations. 


(10) 


(11) 
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Figure 6. Common limiter signal-to-noise ratio degradation 


The foregoing analysis indicates that the output wave has 
a poorer signal-to-noise ratio than either of the two input 
signals. This is just one of the many characteristics of this 
form of diversity system and there are many other considera- 
tions required before a thorough appraisal of this system can 
be made. 
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240/416-Volt Power and Lighting Supply 


WILLIAM SHULER 
FELLOW AIEE 


HE OBJECTIVE of this article is to point out the 
disadvantages of a 480-volt supply system for manu- 
facturing plants and to emphasize the advantages of a 
240/416-volt 3-phase 4-wire supply for both power and 
lighting. 
- Data indicate that the average load on the 3-phase 
motors in the modern manufacturing plant is considerably 
below the name-plate rating. These data, when referred 
to motor performance curves, indicate that the operation 
at either 208 or 416 volts would improve the power factor 
and the efficiency to such an extent that the current in the 
plant feeders would be less than at 240 or 480 volts. Con- 
sequently, the utility company would benefit from improve- 
ment in power factor, and the customer would benefit 
from an increase in efficiency of motor operation and a 
reduction of feeder losses. 
The power factor of most factory loads is less than 70 
per cent when uncorrected. Figure 1 shows a set of per- 


Figure 1. Perform- 

60 ance curves for 

standard 220-volt mo- 
tor 


@ PERGENT SLIP 


Oo 20 40 60 80 100 120 #40 160 
PERCENT NORMAL HORSEPOWER 


formance curves for what is considered a typical motor. 
While they are shown as applying to a motor in the 220- 
volt class, they also apply to 440-volt motors. The power 
factor curve indicates that when the power factor is as low 
as 70 per cent and the voltage at the motor terminals is 
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Table I. Motor Test Using Normal and Reduced Terminal 
Voltage 
— ______ 
. = * 
Per Cent — Kilowatt-Hours 
Voltage Kilowatts Kilovars Power Factor Per 1,000 Pieces 
CUDA we eens WUE et ote PS10sSvarw eae BGiQb. io he seen 103 
CU ae CE re) ame ay ree DD 3 ork ang a a 64 Face sete tala 9975 
Test results on a percentage comparison are as follows 
AAD’ Tawi Wormal. 5 scares Normal hse si6's WNormals..52. 6. Normal 
BOD sige teas 3.5 per cent....41.3 per cent....8.7 percent .......3.5 per cent 
increase increase decrease increase 


220, the motor is operating at less than 25 per cent of 
rating. 

The 3-phase 4-wire system can be used for lighting with- 
out remote control, since the 250-volt limitation placed 
on general-purpose switches for lighting circuits by the 
Underwriters’ Laboratories, Inc., is higher than the 240- 
volt phase-to-neutral potential on the suggested system. 

Particular emphasis should be placed on special tests 
which were made on individual motors operating machine 
tools designed for a specific job and which the manufactur- 
ing superintendents had selected as being equipment 
which would be fully loaded. In none of these cases were 
any motors found that were carrying an average load above 
50 per cent, and in most cases, the average load was much 
lower than 50 per cent of rating. 

Table I gives in tabular form the performance of a motor 
driving a special continuous screw machine making com- 
mutator hubs. This particular motor was selected upon 
the suggestion of the factory maintenance engineer inas- 
much as he felt sure the motor was fully loaded. The 
test first was made at their normal voltage and was re- 
peated by reducing this voltage 10 per cent by means of a 
compensator. Note particularly that the power factor 
when operating at 492 volts was only 56.2 per cent, whereas 
when the voltage was reduced to 440 volts, the power 
factor was 64.9 per cent. Also note that the kilowatt- 
hours per 1,000 pieces were reduced from 103 at 492 volts 
to 99.5 at 440 volts. The motor was operating at an 
average load of only 30 per cent of its horsepower rating, 
and the maximum horsepower requirement, as indicated 
by the graphic record, was only 50 per cent of the motor 
rating. Had it been possible to reduce the voltage further, 
considerable improvements in both power factor and 
efficiency would have been realized. 

In conclusion, attention is called to the fact that the 
120/208-volt 3-phase 4-wire network system has been 
widely accepted and has proved very satisfactory. It 
should be obvious, therefore, that a 240/416-volt system 
for manufacturing plants also should be satisfactory, since 
universal use now is being made of low-impedance dis- 
tribution feeders and distribution substations located at 
relatively short distances from each other. 
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Circuits for Carrier Trapping of Resonant Taps 


SAMUEL LUBIN 
MEMBER AIEE 


N. M. LEVINSON 


ASSOCIATE MEMBER ATIEE 


JN THE APPLICATION of carrier current to rural 
; distribution lines, the problem of treatment of resonant 
taps is more acute than in similar installations on high- 
voltage transmission circuits. Large numbers of taps 
between 1/4 mile and 1 mile in length will be found on 
these lines. Taps of those lengths will be resonant at 
_ frequencies between 50 and 150 ke and in effect will 
-’ short-circuit the carrier. 
The high cost, complexity of installation, and main- 
~ tenance problems associated with the conventional parallel- 
resonant traps or carrier chokes inserted in series with the 
‘tap makes their use impractical on distribution circuits. 
Use is made of the facts that a 1/4-wave stub whose 
far end is unterminated is equivalent to a short circuit 
while the same stub with the far end short-circuited, reflects 
an open circuit at the point of connection. 
_ Connecting a series resonant circuit from line-to-ground 
- at the far end of the resonant tap short-circuits it at the 
carrier frequency and raises the impedance at the tap-off 
point. Losses as high as 20 decibels or more may be 
eliminated or reduced to a negligible value. 

In practice, on lines of 7.2 kv, the series resonant circuit 
used consists of a carrier coupling capacitor of 0.002 
microfarad in series with a slug-tuned coil whose inductance 
varies from 0.5 to 3 millihenrys, depending on the frequency. 
The installation and tuning of this trapping equipment is 
inexpensive and simple. Figure 1 shows an installation 
of this type one span from the end of a single-phase tap 


resonant at 90 kc. By using a variable inductance in the 
series circuit the location of the trap is not critical and, 
when necessary, may be moved one or two spans from 
the tap end for convenience in installation. Figure 2 


Figure 1. Installation 

of carrier trap one 

span from end of 
single-phase tap 
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Figure 2. Slug-tuned coil for series resonant trap in weather- 
proof housing with carbon-gap protector and terminal board 


shows the slug-tuned coil and carbon-gap protector 
mounted in a weatherproof housing. ‘The coil is designed 
to carry the capacitor current and is insulated for the 
maximum breakdown voltage of the carbon protecting 
gap. Since the coil is connected between the coupling 
capacitor and ground and has a maximum inductance of 
only 3 millihenrys, no additional drain coil is required. 

A vacuum-tube voltmeter is connected to the main line 
through a coupling capacitor at or near the tap-off point 
and the coil at the tap end tuned for maximum voltage. 
On distribution systems with line-to-ground voltages up to 
8.6 kv, connection of the vacuum-tube voltmeter to the 
line is made easily by means of a portable “hotstick” 
coupler which incorporates a coupling capacitor, series 
fuse, and drain coil in the insulated stick. . 
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Forcing Function Generator Using Conductive Plastic 
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W. NORMAN 
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HE LAST FEW YEARS have seen the field of servo- 

mechanisms develop into one of the leading branches 
of engineering. Along with this rise has come an increasing 
need for instruments to be used in this field. One of the 
most important of these instruments is the signal generator 
necessary to provide a forcing function signal to the servo 
system being studied. 

The frequencies involved in testing servo systems vary 
from 0.001, or less, to 50 or 60 cycles per second and may 
be a sine wave or sine-wave-modulated a-c carrier. Be- 
cause of the difficulties in electronic modulation at the 
extremely low frequencies, an electromechanical system 
usually is employed to obtain the desired forcing function. 

A function generator employing some type of linear 
potentiometer or sinusoidal potentiometer seems to be the 
most desirable from a standpoint of reliability and sim- 
plicity. The sinusoidal potentiometer is ideal except for 
the problem of resolution and the possibility of excessive 


Figure 1. Method 
of connecting plas- 


EXCITATION 


tic for the genera- 
tion of sine waves 


ALONG ENTIRE SIDE 


FREQUENCY 


Figure 2. 


Front panel of function generator 
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wear. One potentially attractive solution to these problems — 


is the use of a conductive plastic potentiometer. It is_ 
well known that a wire-wound potentiometer made in the | 


form of a square card can be used to produce sine waa 


electric signals with mechanical rotary motion input. 
However, the problem of resolution still exists. 


By sub-— 


stituting a homogenous piece of conductive plastic for the - 


wire-wound potentiometer, the number of steps can be 
increased to infinity so that a stepless sine-wave signal is 
produced. To obtain a sine-wave signal, the plastic is 
connected as shown in Figure 1. However, the generator 
need not be limited to a sine-wave signal. By using other 
configurations of conductive plastic and/or metal, almost 
any periodic waveshape can be generated. 

Figure 2 shows the front panel of the function generator 
employing conductive plastic. The final design provides 
an output which varies in frequency from approximately 
0.05 to 60 cycles per second. A 2-phase servomotor with 
built-in velocity generator, connected in a velocity servo 
system, is used as the driving motor. To obtain a fre- 
quency range of 1,200 to 1, it is necessary to provide two 
output shafts from the gear train of the motor, with pro- 
visions for manual shifting to allow selection of one or the 
other of the two speed ranges. 

Since the majority of frequency response tests on servo 
systems require a measurement of phase as well as ampli- 
tude, a double-frequency sweep potentiometer and marker 
pip are provided within the function generator. The 
double-frequency sweep is con- 
nected to the horizontal plates of a 
cathode-ray oscilloscope and the 
marker pip is superimposed on the 
servo output waveform appearing on 
the vertical plates. By moving the 

position of this marker pip the phase 
may be read directly from a cali- 
brated dial. 

To. help additional 
ee equipment, a-c and d-c excitation 
for the conductive plastic potenti- 
ometer are provided within the 
function generator. A frequency 
reading voltmeter is included also 
to make possible the quick determi- 
nation of the forcing frequency. 


eliminate 
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Controlling D-C Arcs 
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METHOD OF CONTROLLING d-c power arcs is 
presented, with the emphasis on eliminating retro- 
gressive motion of the arc. The data are applicable to 
interrupters which draw the arc in air and force it into an 
arc chute by means of a magnetic field. The arcs range 
from 50 to 20,000 amperes at 100 to 1,000 volts. 

The key to arc control is an understanding of retro- 
gression. This is sudden shortening, usually by the 
establishment of a parallel arc behind the main arc. The 
outer arc subsides and the new arc resweeps the arc runners 
and the arc chute. At the very least, retrogressions 
produce excessive erosion of contacts, of arc runners, and 
of arc chutes. Melts from preceding arcs during the 
interruption are blasted clean by the explosive action of 
the resweeping arc. Excessive retrogressions cause such 
frequent retracking along arc-running surfaces that the 
ability of these surfaces further to absorb thermal energy 
- is diminished. When their thermal reservoirs are filled, 
the melts become excessively large in area. These in 
turn produce a breakdown of the gaseous dielectric, 
provide high stability of both arc termini, and a failure 
results. Some retrogressions result in current resurge. 
Resurges have been long observed on oscillographic rec- 
ords. A common type of retrogression which results in 
resurges is described by J. D. Cobine.'| The type he 
describes occurs when the arc voltage becomes great 
enough to produce a spark breakdown across the shortest 
gap. 

Retrogressions not identified by published information 
and not generally recognized are those which do not result 
in a change in the existing rate of current decay. Figure 1 
shows six frames from a motion picture of an interruption 
which had a total of three retrogressions. The oscillogram 
of this interruption did not show current resurge. Note 
that the arc ends are between the same regions in frames 
2 and 5. Frame 4 shows the retrogression occurring 
from the existing cathode spot to the anode surface. 

High-speed motion pictures, oscillograms, and arced 
surfaces were studied to learn the following. First: On 
a continuous metal surface the cathode end of the arc 
moves readily and smoothly.? Second: The anode end 
of the arc moves forward in steps.?. Third: Discontinuity 
in a metal surface impedes travel of either arc end. Fourth: 
Uncooled melts, either cathode or anode, are hazards— 
particularly when there is little distance between melts 
of opposite charge. The ionization potential of metal 
atoms is about 8 electron volts. The ionization potential 
of atmospheric gas atoms is about 14 electron volts. Thus 
a gaseous region containing a high percentage of metal 
atoms will ionize much more readily than will a normal 
atmospheric gas. Fifth: Rapid current decay produces 
inductive voltages additive to the supply voltage. 

A study of arc performance and characteristics indicates 
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that the following should be done to mitigate arc retro-— 
gression. Make all arc-running surfaces as long and con- | 
tinuous as possible. Where gaps or irregularities are 
necessary, design them to promote streamline gas flow, 
thus providing quick transfer of the arc to the farther | 
surface. Keep melts small by moving the arc ends con- ~ 
tinuously forward onto cool metal. The melts should be 
widely separated. This is obtained in the ignition area © 
by a large contact gap. Since in the arc’s traveling the i 


Figure 1. Stills 
from a high-speed 
movie showing a 
magnetic - blowout 
d-c are interrup- 
tion in air. Line 
voltage was 100 
and peak amperes 
1,450. Time is 
from right to left 
with the frames at 
2,000 per second. 
Metal arcing sur- 
faces are shown 
in the line dia- 
grams above the 
frames. The right- 3 
hand surface was : i 


positive é 5 : 
ri 


first large melts occur on the contact ends, contacts should | 
be so contoured that their surfaces diverge at a wide angle. \ 
The fixed contact should have at least twice the length | 
of the moving contact so that its end will be far from the i 
opposite potential. To keep positive inductive voltages 
low, the magnetic blowout field should be weak in the 
main body of the arc chute, although it should be intense } 
in the ignition region. i 
The arc should be moved rapidly at first, slowly or not 
at all at last, smoothly at all times, and its metal runners) 
should be as continuous as possible. If handled in such | 
fashion, it will retrogress infrequently, it will do minimum \ 
damage to the interrupter, and its circuit will be given) 


i} 


. i} 
excellent protection. f 
i 
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INSTITUTE ACTIVITIES 


Number of Technical Sessions Increased 
to 92 for 1954 Winter General Meeting 


Since the 1954 Winter General Meeting 
to be held in New York, N. Y., was first 
announced, the number of technical sessions 
being organized for the week of January 
18-22 has been increased to 92. As this 
issue goes to press, the sessions are tentatively 
scheduled as follows: 


January 18 


Monday morning 


Power Generation 
Transmission and Distribution 
Relays 

Chemical Industry 

Basic Sciences 1 

Basic Sciences 2 

Computing Devices 

Medicine and Biology 

Special Communications 
Management 


Monday afternoon 
General Session 


anuary 19 
y) 


Tuesday morning 


Marine Transportation 
Rotating Machinery 

Power Generation 
Transmission and Distribution 
Safety 

Basic Sciences 3 

Computing Devices 

Electronic Power Converters 
Production of Light 
Telegraph Systems 
Instruments and Measurements 


Tuesday afternoon 


Sections Committee 

Rotating Machinery 

Power Generation 
Transmission and Distribution 
General Industry Applications 
Basic Sciences 4 

Computing Devices 
Nucleonics 

Production of Light 
Telegraph Systems 
Instruments and Measurements 


January 20 


Wednesday morning 


Wire Communications Systems 
Heat Pumps 

Rotating Machinery 
Switchgear 

Insulated Conductors 
Industrial Power Systems 
Electronics 1 

Basic Sciences 5 
Computing Devices 

Land Transportation 
Electrochemical Processes 


Wednesday afternoon 


Research 

Rotating Machinery 
Switchgear 

Insulated Conductors 
Industrial Power Systems 
Electronics 2 

Basic Sciences 6 

Metallic Rectifiers 

Land Transportation 
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Wire Communications Systems 
Petroleum Industry 


January 21 


Thursday morning 


Mining and Metal Industry 
Rotating Machinery 

Switchgear 

System Engineering 

Electronics 3 

Basic Sciences 7 

Basic Sciences 8 

Television and Aural Broadcasting 
Communication Switching Systems 
Cathodic Protection 


Thursday afternoon 


Mining and Metal Industry 
Rotating Machinery 

System Engineering 

Substations 

Electronics 4 

Basic Sciences 9 

Basic Sciences 10 

Television and Aural Broadcasting 
Chemical 

Insulated Conductors 


January 22 


Friday morning 


Mining and Metal Industry 
Rotating Machinery 
Transformers 

Carrier Current 

Feedback Control Systems 
Electronics 5 

Basic Sciences 11 

Magnetic Amplifiers 
Television and Aural Broadcasting 
System Engineering 
Switchgear 


Friday afternoon 


Mining and Metal Industry 
Rotating Machinery 

Transformers 

Feedback Control Systems 
Electronics 6 

Basic Sciences 12 

Magnetic Amplifiers 

Television and Aural Broadcasting 
Switchgear 


HOTEL RESERVATIONS 


Blocks of rooms have been set aside at 
the Hotel Statler (meeting headquarters) 
and nearby hotels for members and guests 
attending the meeting. Requests for res- 
ervations should be sent prior to January 
4 directly to the hotel of choice and to only 
one hotel. AIEE should be mentioned in 
the request and a copy sent to the vice- 
chairman of the Hotel Accommodations 
Committee, D. V. Buchanan, Room AU16, 
Consolidated Edison Company of New York, 
Inc., 4 Irving Place, New York 3, N. Y. 
A second and third choice should be noted 
on this copy. 

Due to the current accommodations 
situation in New York hotels, reservations for 
arrival on Sunday, January 17, are suggested. 
If the accommodations at the hotel requested 
are not available, the Hotel Accommodations 


Institute Activities 


Future AIEE Meetings 


AIJEE-IRE-ACM Eastern Computer Con- 
ference 

Statler Hotel, Washington, D. C. 

December 8-10, 1953 

(Final date for submitting papers—closed ) 


Winter General Meeting 

Statler Hotel, New York, N. Y. 
January 18-22, 1954 

(Final date for submitting papers—closed ) 


Scintillation Counters Conference 
Washington, D. C. 

January 26-27, 1954 

(Final date for submitting papers—closed) 


AIEE-IRE-ACM West Coast Computer 
Conference 

Ambassador Hotel, Los Angeles, Calif. 
February 11-12, 1954 

(Final date for submitting papers—closed) 


AIEE-IRE Conference on 
Circuits 

University of Pennsylvania Auditorium, 
Philadelphia, Pa. 

February 18-19, 1954 

(Final date for submitting papers—closed) 


Conference on Rubber and Plastics 
Mayflower Hotel, Akron, Ohio 

April 5-6, 1954 

(Final date for submitting papers—January 7) 


Southern Textile Conference 

A. French Textile School of Georgia Institute 
of Technology, Atlanta, Ga. 

April 15-16, 1954 

(Final date for submitting papers—January 15) 


Conference on Feedback Control 
Claridge Hotel, Atlantic City, N. J. 

April 22-23, 1954 

(Final date for submitting papers—January 25) 


ATEE-IRE-RETMA-WCEMA 
Components Conference 
Washington, D. C. 

May 4-6, 1954 

(Final date for submitting papers—February 4) 


Transistor 


Electronic 


North Eastern District Meeting 
Schenectady, N. Y. 

May 5-7, 1954 

(Final date for submitting papers—February 4) 


Appliance Technical Conference 
Morrison Hotel, Chicago, III. 

May 17-19, 1954 

(Final date for submitting papers—February 79) 


Electric Welding Conference 

Milwaukee, Wis. 

May 19-21, 1954 

(Final date for submitting papers—February 19) 


ATEE-IAS-IRE-ISA Conference on Tele- 
metering 

Morrison Hotel, Chicago, Il. 

May 24-26, 1954 

(Final date for submitting papers—February 25) 


Summer and Pacific General Meeting 
Los Angeles, Calif. 

June 21-25, 1954 

(Final date for submitting papers—March 23) 


—_—_—————————— ——————— — — — 
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' Double room, twin beds...........-- 


Committee will transfer the request to one 
of the other hotels on the list. 
Hotel rooms have been reserved at the 


- following: 


Hotel Statler (meeting headquarters), 7th Avenue, 
32d to 33d Streets 


Single room with bath.............. $ 6.00 to $11.00 
_ Double room, double bed........... 8.00 to 14.00 
_ Double room, twin beds............. 9.00 to 16.00 
DOPMCILOL VS vacuiereeliafelalistaiele s aielsin cue'el ets 15.00 to 18.00 
VATION SUILES sleteteiis sich levers sieves acres ere 25.00 to 27.00 
Hotel Governor Clinton, 7th Avenue at 31st Street 
Single room with bath.............. $ 6.00 to $ 8.00 
Double room, double bed........... 8.50 to 10.00 
Double room, twin beds............- 10.00 to 13.00 


Hotel McAlpin, Broadway and 34th Street 

Single room with bath.............. $ 4.50 to $ 9.25 
Double room, double bed........... 7.00 to 13.50 
Double room, twin beds............- 8.50 to 13.50 


_ New Yorker Hotel, 34th Street and 8th Avenue 
Single room, tub and shower.........$ 6.00 to $10.00 
Double room, double bed........... 9.00 to 14.00 
Double room, twin beds..........- .. 10.50 to 16.00 


Hotel Martinique, Broadway and 32d Street 

Single room with bath.............- $ 4.50 to $ 7.00 
» Double room, double bed........... 8.00 to 11.00 
9.00 to 12.00 


Hotel Commodore, 42d Street at Lexington Avenue 


Single room with bath...........--- $ 6.00 to $10.00 
Double room, double bed.........-- 9.50 to 12.50 
Double room, twin beds..........--- 11.00 to 15.00 
Hotel Roosevelt, Madison Avenue at 45th Street 

Single room with bath............-- $ 6.50 to $14.00 
Double room, double bed.........-- 11.50 to 17.50 


_ Double room, twin beds...........-- 13.50 to 20.00 


Rates are subject to 5 per cent. New York City hotel 
room tax. 


THEATER TICKETS 


As in the past, tickets to the following 
shows currently playing in New York will 
be available to all out-of-town AIEE mem- 
bers during the week of the meeting. 


Wednesday 
Evenings Matinee 

Siite ice Poy eereenae forces $400 aise $2.70 

Kind Sir (comedy).....-....-- 6 COA. « 6.00 
Mary Martin, Charles Boyer 

Wonderful Town (musical)..... BEAD Baits siae 5.40 
Rosalind Russell 

The Tea House of the August 

Moon (comedy).....----- GLOOt . <a 4.80 

David Wayne, John Forsythe 

Can-Can (musical)........--++ fac eh eter 6.00 

Comedy in Music (revue)...... 6.007%. .: 4.80 
Victor Borge 

Dial M for Murder (drama).... 6.00*...... 4.80 
Maurice Evans 

The Seven Year Itch (comedy).. 6.00*...... 4.80 
Tom Ewell, Vanessa Brown 

My Three Angels (comedy).... 6.00 ..-..-. 4.80 
Walter Slezak 

Picnic (drama, Pulitzer Prize).. 6.00*...... 4.80** 


William Inge, Ralph Meeker 


Rodgers and Hammerstein musicals 

Me and Juliet........-+++++0+ BV40 cae 5.40 
Isabel Bigley 
Joan McCracken 


The King and I........+...++- BieM Qreets wintsis 5.40 
Yul Brunner 
South Pacific........-.+.2ee0- 6100 Re eeas 4.20 


Martha Wright 
George Britton 


* $7.20 for Friday or Saturday. 
** Thursday matinee. 


All prices shown are brokers’ prices. 


Checks should be made payable to: 
“Theater Ticket Committee, AIEE.” Re- 
quests also should include first and second 
choice of both name and date of show, and 
should be sent to: Theater Ticket Com- 
mittee, AIEE, c/o S. Friend, Jr., Anaconda 
Wire and Cable Company, 25 Broadway, 
New York 6, N. Y. 


Preference will be given in order of 
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receipt to requests for seats in blocks of pairs 
and the committee reserves the right to 
reduce requests to sell-out shows to two 
tickets. 

All ticket requests will be acknowledged 
promptly and refund will be made of any 
money due in excess of the price of tickets 
purchased. 

Please do not include with theater ticket 
applications payment for any meeting fee 
or other item for which remittance should 
be made directly to Institute headquarters. 

Tickets to available radio broadcasts and 
television shows also will be provided at 
the time of registration for the meeting. 


SMOKER 


The Smoker Committee, under the chair- 
manship of C. F. Bolles, announces that the 
smoker will be held on Tuesday evening, 
January 19, at the Hotel Commodore. 
Tickets are $10 each and include gratuities. 
Reservations should be sent to: Smoker 
Committee, AIEE Headquarters, 33 West 
39th Street, New York 18, N. Y. Checks 
should be made payable to ‘‘Special Ac- 
count, Secretary, AIEE.” Reservations 
received after January 5 will not be honored. 


DINNER-DANCE 


J. G. Derse, chairman, has announced 
that the dinner-dance will be held on 
Thursday evening, January 21, 1954, in 
the Grand Ballroom of the Hotel Statler. 
Music and general arrangements will be 
the same as those which proved so enjoyable 
last year. Dress will be formal. Plan now 
and write soon for reservations at tables for 
ten. Tickets will be $12 each. Address 
requests to the Dinner-Dance Committee, 
AIEE Headquarters, 33 West 39th Street, 
New York 18, N. Y. Make checks payable 
to ‘Special Account, Secretary, ATEE.” 


LADIES’ ENTERTAINMENT 


The Ladies’ Entertainment Committee, 
under the chairmanship of Mrs. E. S. 
Banghart, is planning a program of social 
events that should prove both interesting 
and enjoyable for the ladies. Registration 
will open Sunday, January 17, from 4 to 
6 o’clock in the foyer of the Georgian Room, 
and from 9 a.m. on Monday, January 18, 
in Ladies Headquarters on the mezzanine. 
The ‘“Get-Acquainted” Tea will be held 
on Monday afternoon. Among other events, 
such as a trip to the United Nations, a 


Informal Tea 


Inaugurated last year, this social 
gathering before the formal program 
begins was enjoyed by many members 
and guests. It is hoped that more will 
participate this year—on Sunday 
afternoon, January 17, from 4 to 
6 p.m., in the Georgian Room of 
the Statler. There will be no charge. 

During this same period the regis- 
tration facilities will be open for those 
wishing to avoid the Monday morning 
rush. 


luncheon and fashion show at the Waldorf- 
Astoria, and sightseeing trips, there will be 
a dinner with entertainment on Tuesday 
evening (the night of the men’s smoker) in 
the Penn Top. More details will be given 
in the January issue and in the mailed 
program. 


INSPECTION TRIPS 


The Inspection Trips Committee has | 
plans under way for trips to the following — 
points of general and special technical 
interest: Radio City Music Hall, Inter- 
national Business Machines Company, Fed- 
eral Electric Products Company, Steinway 
Piano Company, Bell Telephone Labora- 
tories at Murray Hill, N. J., Brookhaven 
National Laboratory, Long Island Lighting 
Company Generating Station, Electrolux 
Vacuum Cleaner Plant, United Nations 
Headquarters, and Lever House. 

Complete details are scheduled for the 
January issue of Electrical Engineering. 


COMMITTEE 


Members of the 1954 Winter General 
Meeting Committee are: C. T. Hatcher, 
chairman; A. J. Cooper, vice-chairman; 
J. J. Anderson, secretary; C. S. Purnell, 
budget co-ordinator: M. D. Hooven, Vice- 
President, District 3; L. F. Hickernell, 
chairman, Committee on Technical Opera- 
tions; R. T. Ferris, publicity; L. F. Stone, 
general session; J. G. Derse, dinner-dance; 
D. E. Sullivan, inspection trips; C. F. 
Bolles, smoker; Sidney Friend, Jr., theater- 
radio-television; W. G. Vieth, hotel accom- 
modations; H. E. Martin, registration; 
Mrs. E. S. Banghart, ladies’ entertainment; 
R. T. Weil, monitors. 


“Engineer and the Public” Is Timely Theme 


of Fall General Meeting in Kansas City 


“What the Electrical Engineer Is Doing 
for the Public” was the theme of the AIEE 
Fall General Meeting, which was held at 
the Muehlebach Hotel, Kansas City, Mo., 
November 2-6, 1953. The 26 technical 
sessions covered a wide variety of timely sub- 
jects and were well received by the 950 
members and guests who attended the meet- 
ing. The less serious side of the meeting— 
the stag smoker and the dinner-dance—were 
enjoyed by everyone and the ladies commit- 
tee arranged a full program for members’ 
wives. 


Institute Activities 


Among the sessions which proved very 
popular with the members were the three 
pertaining to petroleum pipe lines, refining, 
and production; eastern and western mining ; 
three sessions relating to electronics and tele- 
vision, and several sessions on different phases 
of the power field. There were five inspec- 
tion trips so arranged that members could go 
on them at different times and so not miss 
any technical sessions. 

One of the social highlights of the meeting 
was the AIEE-Kansas City Chamber of 
Commerce luncheon on Wednesday. AIEE 


TEES 


C. G. Roush (center) chairman for the Fall General Meeting, welcomes Elgin B. Robert- 


son, AIEE President. 


AIEE Vice-President C. M. Lytle is at extreme left. 


Colonel 


William M. Talbot, Director of Warning and Communication, Federal Civil Defense 
Administration, guest speaker, is at extreme right 


President Elgin B. Robertson was the guest 
speaker, his subject being ‘“The Engineer and 
Your Life.’’ In describing what the electrical 
engineer does which affects the average citi- 
zen’s everyday existence, Mr. Robertson 
stated, ‘“The ordinary citizen has no idea of 
what is back of his water, gas, and electric 
service. Furthermore, he has not the faintest 
idea of the part that the engineer has in it, 
with the possible exception of knowing that 
engineers are concerned with the building 
of dams. He has no idea of the part the 
engineer plays in the food he eats, the clothes 
he wears, and the other services he takes for 
granted. He does not associate engineers 
with such items as newspapers for instance. 
However, the newprint itself is a product of 
the chemical engineer, the presses are within 
the province of the mechanical and electrical 
engineer, the news-gathering services in- 
volve all sorts of electrical communications, 
and the delivery of the paper is a product of 
engineering whether delivery is by truck or 
by bicycle.” 

Mr. Robertson concluded, ‘‘I am sure that 
if each one of us in our daily lives would 
pause and notice all the scientific, mechani- 
cal, and electrical wonders about us, we 
might realize that the engineer is the man 
who made it all possible.” 


GENERAL SESSION 


The general session of the 1953 Fall 
Meeting was opened by C. G. Roush, 
chairman of the General Committee for 
the meeting. He introduced the mayor 
of Kansas City, William E. Kemp, who 
welcomed the members to the community. 
Mr. Kemp was followed by Colonel William 
M. Talbot, Director of Warning and Com- 
munication, Federal Civil Defense Ad- 
ministration, whose subject was the ‘‘Im- 
portant Role of the Entire Electrical In- 
dustry in Civil Defense.” 

It is known that the enemy has the means 
to attack any American city by guided 
missiles, or from the air with atomic weapons. 
The premise on which the Civil Defense 
Administration has based its program is 
that if people can be given sufficient warning 
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of an impending attack and if they know 
what to do then, many lives will be saved. 

The United States has the Air Defense 
Command and Civil Defense. Each has 
11 centers in the country. From the 11 air 
defense centers, warnings can be distributed 
to 199 key centers over a 4-wire multiparty 
network of telephone lines at the end of 
which are sirens for warning the populace. 
It is estimated that by the end of 1954, 
$18 million will have been invested in these 
warning sirens. 

Colonel Talbot told how the Bell Tele- 
phone System had increased its external 
exchanges in Washington, New York, and 
several key cities, so that if its present 
facilities were damaged, communications 
could be maintained uninterruptedly. Every 
service of radio—in police and fire depart- 
ments, in taxicabs, in the power and oil 
industries—stands ready for emergency use. 
He described in detail how Conelrad 
functions and how 100,000 amateur radio 
operators have volunteered their services 
as standbys during Conelrad operation and 
for other communication work. 

In the aim to provide a 2-hour warning to 
people, instead of the present 15-minute 
warning by sirens, several devices are under 
consideration. One of these alarm devices 
will function if the usual frequency of the 
power lines is raised from 60 to 62 cycles 
and another uses the 12th harmonic of the 
60-cycle power lines. This 720-cycle cur- 
rent would pass all components of a power 
system and actuate a_ special 
setting off an alarm. 

AIEE President Elgin B. Robertson, the 
final speaker, gave a report on Institute 
affairs. After reporting on the recent 
meeting in Paris of the engineering officials 
of this country and those of western Europe, 
he discussed the financial condition of the 
Institute which he described as excellent. 

He expressed concern over the small 
number of Student members and appealed 
to his listeners to help the Institute by 
impressing on students how valuable AIEE 
membership will be to them in the future, 


device for 


Institute Activities 


reminding the members that the Institute's 
future depends on the present students. 

Mr. Robertson commended the work 
of the Institute committee members who 
give so freely of their time. Their work 
and that of the Board of Directors has 
increased along with expanding membership 
which on October 1 was 47,249, and this 
expansion has brought up problems of the 
handling and presentation of technical 
papers which also have increased in quan- 
tity. Institute headquarters should be 
larger, and AIEE Treasurer Walter J. 
Barrett has a plan which should provide 
new quarters within the next few years. 

A small step forward has been made 
toward professional unity. The AIEE mem- 
bership has been polled on this subject, 
‘But,’ Mr. Robertson remarked, ‘“‘other 
people are not as sympathetic as they might 
be.”’ 


TECHNICAL SESSIONS 


Insulated Conductors. Five papers with 
much valuable data were presented in this 
session with M. H. McGrath presiding. The 
first presentation by R. C. Rifenburg gave 
an engineering basis for determining the 
economic size of pipe and section lengths for 
pipe-type cable installations as well as the 
design for a new type of semi-stop joint. 
The author explained that in the past much 
too large pipe and too small sections had 
been used. 

The second paper on submarine cables 
which was presented by Andrew Bodicky 
integrated a great deal of data from experi- 
ence over a great many years which should 
prove invaluable to anyone considering this 
kind of an installation. 

The third presentation by D. C. Hawley 
collected much valuable data from a number 
of operating companies on several different 
types of conduit, ducts, and power cables 
crossing bridges and viaducts. Operating 
experiences with some of these installations 
also were described. 

Still another paper which was presented 
by W. N. McDaniel gave a method of 
analysis of annual variations of harbor, 
water, and earth temperatures. The data 
indicated that annual temperature varia- 
tions in the earth below a slow-moving body 
of water as well as below earth exposed to 
air varied sinusoidally. ‘The amplitude de- 
creased and the time lag increased with in- 
creasing depth. 

In the last paper, which was by L. Meyer- 
hoff, valuable methods and formulas were 
given to determine the pipe losses in non- 
magnetic pipe for several different configura- 
tions of cables within the pipes. 

There was a great deal of discussion on 
each of the papers by well-known represen- 
tatives of the cable manufacturers and prom- 
inent operating people which contributed 
important contemporary experiences. 


Petroleum Production. In this session the 
economic aspects of electric oil well beam 
pumping as well as oil field transmission and 
distribution systems were thoroughly dis- 
cussed. 

The first paper was presented by T. L. 
Scott and he advocated slow continuous 
pumping as the most efficient method with 
the least trouble in the long run. Drip-proof 
motors were employed as they are advan- 
tageous under bad weather conditions. In 
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conclusion the author stated that the selec- 
tion of the most economical and efficient type 
of prime mover does not depend on general 
rules but rather upon a careful accurate 
evaluation of all of the cost factors such as 
investment cost, operating cost, and lost 


_ production due to down-time. He predicted 


that when all factors are better understood 
there will be an increase in electrification 
and less loss of prime mover time. 


The second paper on oil field transmission 
and distribution systems which was prepared 
by J. R. Ashley was presented by F. R. 
Woerner. An experimental installation was 
described for island pumping where a dam 
had been built across the Colorado River 
and the electrification will be at 1,200 volts 
for the area. In conclusion it was stated that 
the installation was in support of interest in 
a higher secondary voltage and the author 
would like to have industry approval of such 


a voltage. 


In discussion, many questions from the 


. floor were answered by the authors and some 


of the discussion centered about the un- 
willingness of utilities to take the risk and 
extend lines to new leases for electric pump- 
ing operations without a contribution. The 
view was expressed by Mr. Steuve that the 
oil companies should obtain geological in- 
formation on new leases, get together with 


~ the utilities who should take a little risk, and 
then more electric pumping would be in- 


stalled. 


Switchgear. Five papers were presented 
in a session on switchgear with R. L. Webb, 
presiding. The first paper, which was 
presented by W. R. Wilson, dealt with silver 
contact life when exposed to arcing and the 
presentation added materially to the 
technical data already available on this 
subject. The study included the effects 
of contact geometry, current, voltage, 
bouncing, velocity, and arc energy. The 
data should prove useful to other designers. 


This was followed by the second paper 
which was presented by I. B. Johnson on 
the subject of voltage recovery rate require- 
ments in high-voltage circuit breakers. 
These requirements were advanced to the 
year 1960. As determined from a transient 
network analyzer study, voltage recovery 
rates for the assumed system variations were 
shown to be from 5,200 volts per microsecond 
at 138 kv to 7,000 volts per microsecond at 
330 kv. 


The last three papers were presented as a 
group and treated the subjects of low-voltage 
air circuit breakers, air system accessories, 
and quality control programs for circuit 
breaker manufacture. The presentations 
were made, respectively, by V. N. Stewart, 
W. C. Mitchell, and K. G. Darrow. Most 
of the discussion by well-known designers 
and operating people centered about design 
details and maintenance considerations with 
the exception of a discussion by Iipias 1s 
Harvey which considered the application 
of the new low-voltage air circuit breakers 
to merchant marine and naval vessels. 


Industrial Power Systems. ‘Three papers on 
power distribution systems for a natural gas 
plant, oil refineries, and the chemical 
industries were presented together with a 
demonstration of the advantages of the 
grounded industrial system in a session on 
Monday afternoon with D. M. Allison pre- 
siding. The papers were representative of 
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practices in most southwestern industries. 

The first paper on natural gas plant 
power distribution systems, which was 
presented by J. K. Howell, described the 
systems used to generate, transmit, and 
distribute electric power in various plants 
of the El Paso Natural Gas Company 
which spread across western Texas, New 
Mexico, and Arizona. The authors re- 
sponded to questions from operating people 
in regard to the grounding of the neutrals 
on the 4,150-kva generators, the non-use 
of high-voltage motors, the economic justi- 
fication for the plan of generation, and the 
reasons for the selection of 34-kv trans- 
mission for short distances. In regard to 
this last point, the loads indicated were 
not the ultimate loads and Mr. Howell 
added that the system was insulated for 
69 kv because of the high altitudes and the 
reliability required. 


Feedback Control Systems. The Monday 
afternoon session on feedback control was 
presided over by H. W. Corey, Allis-Chal- 
mers Manufacturing Company. 

Dr. T. J. Higgins, University of Wisconsin, 
presented a paper by himself and C. M. 
Siegel, University of Virginia, entitled 
“Determination of the Maximum Modulus, 
or of the Specified Gain, of a Servomecha- 
nism by Complex-Variable Differentiation.” 


By differentiating and setting equal to 
zero the transfer function, values of the 
maximum modulus, the frequency at which 
it occurs, and the gain parameter may be 
obtained without tedious computation. 

“Backlash in Velocity Lag  Servo- 
mechanisms,” by N. B. Nichols, Raytheon 
Manufacturing Company, gave an analysis 
of the fundamental-component method for 
obtaining the response of second-order 
systems involving backlash, and showed its 
limits of accuracy. 


Dr. T. S. Amlie, United States Naval 
Ordnance ‘Test Station, presented “A 
General Theory for the Determination of 
the Stability of Multiple-Loop Servo- 
mechanisms,”’ by himself and Dr. Higgins. 
A clarification of the stability concept a 
rigorous theory of general stability analysis 
of single-loop servo systems, and an extension 
of this theory to multiple-loop analysis for 
lumped-parameter systems were given. 

“Bibliography on Feedback Control— 
Part III,’ was presented by title only, for 
discussion. 


Electrical Techniques in Medicine. Five 
conference papers were presented at the 
session on electrical techniques in medicine 
and biology over which E. D. Trout, General 
Electric Company, presided. The first 
two papers, by F. E. Hoecker and PN. 
Wilkkinson, were devoted to instrumentation 
for hospital isotope programs. Mr. Hoecker 
discussed Geiger tubes and_ scintillation 
devices and Mr. Wilkkinson talked about 
electronic counting instruments, both papers 
dealing with setting up a pilot laboratory at 
the University of Kansas where physicians 
and technicians could become acquainted 
with instrumentation of the isotope field. 

G. G. Wiseman, University of Kansas, 
described a microphotometer using ultra- 
violet light for measuring acid within a 
cell’s structure. Operation of the photo- 
multiplier tubes used in this equipment 
were dependent to a great extent on the 
signal-to-noise ratio. 


Institute Activities 


An automatic analyzing system of the 
concentration of anesthetic gases as ad- 
ministered to a patient was discussed by 
R. W. Krone, University of Kansas. A new 
3-unit machine has been developed: one 
part of it measures the carbon-dioxide 
concentration by infrared absorption; the 
second determines the oxygen concentration 
by measuring the paramagnetic suscepti- 
bility of the mixture; and the third unit 
measures the per-cent concentrations of 
any two anesthetic gases in the presence of 
oxygen by finding the velocity of sound 
through the mixture. 


The final paper concerned gaseous dis- 
charge phenomena: ‘‘An Investigation of 
Metastable Levels in Gaseous Discharge 
Tubes” by R. H. McFarland, Kansas State 
College. An electrodeless quartz envelope 
containing thallium and mercury was 
heated to two different temperatures. 
Pulsating 120-cycle light of 2,537 Angstroms 
was focussed on the quartz cell and absorbed 
by the mercury atoms, elevating them to an 
excited state of 486 electron volts. Through 
collisions between the mercury and thallium 
atoms, the latter were excited to about the 
same potential of 486 electron volts. The 
emitted light was measured by passing it 
through a grating monochromator (to 
select the desired wavelength), detecting 
it with a photomultiplier tube, amplifying 
it with a twin-T amplifier tuned to 120 
cycles, and measuring the output with an 
audio voltmeter. Representative curves 
were presented showing the intensity of | 
various thallium lines plotted against the — 
temperature determining the mercury vapor 
pressure. 


Petroleum Industry. Three sessions devoted _ 
to the petroleum industry were included | 
in the program, these being devoted to 
pipe lines, refining, and production. A 
total of nine conference papers were pre- 
sented in these sessions. 

In the Tuesday morning session in which 
subjects relative to petroleum pipe lines were 
considered, V. J. Sittel, Service Pipe Line | 
Company, presided. The opening paper, 
by R. J. Osburn, Sinclair Pipeline Company, 
“Selection of Motors and Controls for Pipe- 
Line Pumping Stations,’ was divided into 
three parts: large-diameter trunk-line sta- 
tions using 800-horsepower motors and 
larger; smaller trunk and gathering stations 
using motors between 200 and 500 horse- 
power; and field pumps and stations using 
motors up to 200 horsepower. In each 
instance, the author discussed the motors’ i 
horsepower, speed and direction of rotation, 
voltage, number of phases, frequency and | 
type of motor, and the type of motor enclo- | 
sure. It was stressed that no single type of © 
motor or control can be definitely designated | 
as the one most suitable for pipe-line use, | 
but factors such as initial cost, low operating | 


expense, safety, maintenance, and so forth, 
will affect the selection of equipment. 


<‘Remote-Controlled Pipe-Line Pumping 
Stations” by R. S. Cannon and T. V. Bock- | 
man, Plantation Pipeline Company, was | 
presented by the former. This paper de- | 
scribed the performance of four unattended | 
pumping stations and their cost. Two | 
stations are remote-controlled by micro- | 
wave radio and two are controlled over | 
circuits leased from the telephone company. | 
As either system gives sufficiently reliable | 
results for pipe-line operation, the main | 
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factor is one of economics. Microwave 
radio, depending on the number and type 
of channels, type of construction, local 
terrain, and so forth, will cost annually 
between $15 and $24 per mile per month, 
including depreciation and maintenance. 
Interstate rates of leased telephone circuits 
are about $1.50 per mile per month for 
teletype and $3.00 per mile per month 
for voice-frequency-type circuits. It was 
brought out that the latter could be multi- 
plexed into 12 to 16 telegraph circuits at 
a low cost and quite a few channels for 
remote-control functions could be had from 
each voice-frequency circuit. 


The final paper, ‘‘Petroleum Microwave 
Progress—1950-54,”” was given by E. B. 
Dunn, The Atlantic Refining Company, 
in which was traced the progress made in 
the use of radio equipment for petroleum 
pipe-line control and communication from 
the 70-mile Keystone Pipe Line System 
(November 1949) to the 540 stations of 
today covering 13,200 system miles. ‘This 
represents an investment of about $17 
million. 


Safety. On Tuesday morning, a session on 
safety was held with C. E, Ganther, Cleve- 
land Electric Uluminating Company, pre- 
siding. 

C. C. Stoltz, Westinghouse Electric Cor- 
poration, presented “Electrical Safety in a 
Large Development Laboratory,”  co- 
authored by G. L. MacLane of the same 
company. The prime requirement in de- 
veloping a safety program is the careful in- 
doctrination of laboratory personnel, who 
are not only exposed to electrical hazards, 
but those of high-intensity arcs, burns, and 
explosions. A safety committee, safety ob- 
servers, and protective devices are all neces- 
sary to maintain an adequate safety program. 


“Safety in the Utilization of Electricity on 
the Farm” was discussed by E. H. Smith, 
Kansas City Power and Light Company. 
_ The safety problem peculiar to rural areas is 
_ caused by inadequate wiring, grounding, and 
lighting, insufficient insulation in damp and 
corrosive atmospheres, and improperly in- 
stalled infrared heat lamps, coupled with a 
lack of appreciation by the farmers of the 
power inherent in electricity. They must be 
made to realize that specialized knowledge is 
needed to install and repair electric equip- 
ment, as they are used to doing all tasks 
around the farm themselves. 


C. R. Zeskey, T. H. Mastin Company, 
emphasized the appalling waste caused by 
accidents in industry in his paper, ‘“‘Cost 
Control by Accident Control.” Two million 
industrial accidents occurred in 1952, re- 
sulting in 15,000 deaths, at a loss of 250,- 
000,000 man-hours, and $2,900,000,000. 'This 
_ monetary loss was second only to that caused 
by strikes and wage disputes. Engineers 
must become more interested in the vital 
subject of their own plant’s safety. 


A motion picture and demonstration was 
featured by A. L. Riche, Minneapolis- 
Honeywell Regulator Company, in ‘‘Pre- 
|| cision Switches Used as Interlocks and Limits 
' in Safety Controls.” Numerous examples 
| showed how these tiny switches can control 
| and protect workers and their machines at 
little cost. Over 6,000 types of mercury and 
mechanical precision switches are available 
to industry, which can perform or prevent 
almost any combination of operations to 
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speed up and make safer production processes. 


Management. A management session was 
held on Tuesday afternoon, F. K. McCune, 
General Electric Company, presiding. 

P. F. Drucker, consultant, presented 
“How Should a Manager Spend His Time?” 
Although no set patterns are apparent in the 
habits of good time managers, they seem to 
distrust panaceas and devices such as uni- 
formly fast reading, reports held to one page 
in length, and so forth, except where such 
methods are the most  time-conserving. 
Good time managers spend much time on 
planning, little on actual doing, much on 
communications ‘‘up” (from subordinates 
and to superiors), much on defining a prob- 
lem, little on solving it, and depend on the 
built-in sales appeal of their ideas, rather than 
the actual selling of them to others. 

“The Implementation of a Management 
Development Program” was given by L. A. 
Russ, Westinghouse Electric Corporation. 
This company’s program of seeking out and 
training potential managers was described. 
By means of guided rotation and manage- 
ment training programs, a reserve is built 
up on various levels of responsibility. The 
ensuing discussion raised the question of 
what effect such early selection of managers 
would have on those rejected, and indicated 
that many companies, especially small ones, 
feel that the morale problem caused by such 
programs may be paramount. 


Aural and Television Broadcasting. ‘The 
four papers presented at the session on aural 
and television broadcasting evoked enthu- 
siastic discussion from the large audience. 
Professor R. G. Kloeffler, University of 
Kansas, presided. 


F. A. Slaymaker, Stomberg-Carlson Com- 
pany, in his paper, ‘‘Design, Principles, and 
Fallacies in the Hi-Fi Field,’ cleared up 
many questions which evidently had long 
gone unanswered for most of his audience. 
The long-playing record was one of the fore- 
most factors for the increasing popularity of 
high-fidelity record players—those records 
and the medium-priced variable reluctance 
pickups. He showed a family of frequency- 
response curves (based on the familiar 
Fletcher curves) for the hearing of different 
groups of people and then interpreted the 
cutting characteristic curve by which re- 
cording companies are guided in producing 
records. 

Mr. Slaymaker in the course of his paper 
demonstrated the effects of cutoff of the high 
and low frequencies in a good audio ampli- 
fier, leaving only the sound from 300 to 
3,000 cycles. The chairman deferred the 
discussion of this paper until the end of the 
session and the wisdom of this move was 
evident because Mr. Slaymaker still was 
answering questions and demonstrating his 
answers more than an hour after the final 
paper had been read. 

A. P. Walker, National Association of 
Radio and Television Boradcasters, explained 
the precautionary measures which can be put 
into operation to confuse enemy airplane 
navigators, in his paper, “Development and 
Practical Considerations of the Conelrad 
System for Standard Broadcast Stations.’ 
After explaining the underlying principles 
of the Conelrad system, Mr. Walker de- 
scribed the tests recently completed around 
New York City which had been received 
satisfactorily by broadcast listeners but had 
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made orientation of an aircraft by the radio 
automatic direction finder extremely difficult. 

The only technical paper of the session, 
“Development of Television Service Stand- 
ards and Application to Design of a Tele- 
vision Broadcast Network,” was given by 
O. W. B. Reed, Jr., of Jansky and Bailey, 
Inc. After reviewing the allocations of fre- 
quencies by the Federal Communications 
Commission and the distribution of the ap- 
proximately 500 television transmitters 
throughout the country, the author, using 
Iowa as an example, showed how optimum 
distribution of transmitters could be effected. 

The final conference paper of the session, 
“Factors Affecting the Correlation of Tele- 
vision Picture Quality Between Field and 
Laboratory Signals,” was given by B. Amos 
and C. Quirk, Du Mont Corporation, and 
read by the former. After explaining the 
difference in laboratory test signals and those 
broadcast from a transmitter in the field, the 
speaker described the various circuits of a 
television receiver, their individual gains 
which are necessary for field operation, and 
how they must be adjusted under laboratory 
and production test conditions to function 
successfully in the field. 


Television. Four conference papers were 
presented in the Wednesday morning session 
devoted to ultrahigh frequency and television 
over which G. R. Town, Iowa State College, 
presided. The first was by W. Y. Pan, RCA 
Victor, who discussed ultrahigh-frequency 
amplifier operation. 

Several factors caused very-high-frequency 
transmission and reception to be superior to 
those of ultrahigh frequency, among them 
being cosmic and man-made noises, wave 
absorption coefficient, antenna wavelength 
factor; receiver antenna gain; and the re- 
ceiver noise figure. The only one which is 
controllable is the noise figure and this might 
be improved by using a radio-frequency 
amplifier stage ahead of the mixer. 

Mr. Pan reviewed the several tube types— 
planar, cylindrical, miniature—with respect 
to their use in a receiver and their cost and 
the conclusion was that miniature tubes must 
be made more stable or other tube types must 
be made cheaper in order to get a good 
radio-frequency amplifier. 

G. H. Brown, RCA Laboratories, pre- 
sented ‘‘Review of Development of Color 
Television” from 1940 up to the present, 
explaining to his audience how the National 
Television System Committee came into 
being and the excellent work this group had 
done in determining what color-television 
standards should be recommended to the 
Federal Communications Commission for its 
adoption. 

“Beat Between Sound Carrier and Color 
Signal in a Television Receiver” was given 
by J. E. Allen, General Electric Company. 
In the course of television field tests, it has 
been found that receivers need about 50 
decibels of sound attenuation in the inter- 
mediate-frequency channel in order to pre- 
vent beats between the sound-carrier and the 
color-carrier components from appearing in 
the receiver. A study of this has shown that 
such sound rejection is usually needed in an 
ideal receiver having the standard selectivity 
curve. The calculated attenuation is 44 
decibels, which, because of transmission and 
other variations, points to the use of at least 
a 50-decibel sound trap. 

The last paper of the session, ‘Unified 
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Signal Coder for Compatible Color Tele- 
vision System,” was by J. F. Fisher and A. J. 
Anderson, Philco Corporation, and read by 
the former. A description was presented of 
the encoder which is a device which gathers 
the three color signals and feeds them to the 
input of a transmitter. 


Radio Communication. ‘Three technical pa- 
pers and one conference paper were given in 
a session on radio communication over which 
E. D. Nuttall, United Gas Corporation, 
presided. 


The subject of the first technical paper, 
which was re-presented for discussion, was 
**A Miniature Compandor for General Use 
in Wire and Radio Communication Sys- 
tems” by F. S. Boxall and R. S. Caruthers, 
of the Lenkurt Electric Company, Inc. This 
paper consisted of a description of how a 
compandor functions in an open-wire, cable, 
or radio channel, and the physical com- 
ponents of a plug-in compandor with a 
2-to-1 compression and expansion charac- 
teristic. 


‘“Use of Radio and Radar in the Petroleum 
Industry” by W. M. Rust, Jr., Humble Oil 
and Refining Company, traced the history 
of the use of radio from 1925 by oil com- 
panies on their tankers. In 1932, a few oil 
companies began to use radio in Louisiana 
swamps for communicating between drilling 
rigs and base offices. Radio facilities are re- 
quired for geophysical operations: for co- 
ordination of activities, which may be sepa- 
rated by several thousand feet or 10 or 12 
miles; the transmission of special data; and 
the determination of position by radio- 
location means. Radio also is used in pipe- 
line communications and control and for 
communications within refineries. The use 
of radar as a navigation aid to tankers, as a 
harbor surveillance device, and as an aid in 
detecting line squalls or hurricanes, has 
proved invaluable. In June 1952, there were 
553 users of radio in the petroleum field 
which requested recommendations for fre- 
quency assignments for 21,400 transmitters. 

The third technical paper, ‘‘Microwave as 
Applied to Railroad Operation in the Gulf 
Coast Area” by L. R. Thomas, is a descrip- 
tion of the installation, operation, and the 
maintenance of a 70-mile microwave relay 
system in Texas with particulars on the means 
taken to overcome the problem of fading, 
especially on the over-water links in the 
network. 

Victor Nexon, Microwave Services, Inc., 
read the conference paper of the session on 
the need for “Industry Co-ordination of 
Microwave Communication Systems.”’ Be- 
cause of the rapid growth of the use of micro- 
waves in industrial communications, inter- 
ference is becoming more of a problem espe- 
cially in those areas in which several systems 
are concentrated as in the vicinity of large 
cities. The speaker detailed the needs of 
this form of communication and recom- 
mended that a joint microwave commission 
group be formed for the best interests of all 
groups of users. 


Eastern Mining. Eastern mining was dis- 
cussed in a Wednesday morning session, 
under the chairmanship of R. B. Moore, 
General Electric Company. 

A. J. Stone, I-T-E Circuit Breaker Com- 
pany, presented “Protective Devices Under- 
ground.” Safety cannot be overemphasized 
in mining; it is the responsibility of the engi- 
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neer to bring to the attention of management 
a proper plan for the adequate protection of 
their electric circuits. Protection should be 
included in the budget as part of the over-all 
investment. 


P. C. Cross, General Electric Company, : 
gave “The Underground Electrocarboniza- ’ 


tion of Coal,?? which was coauthored by 
Dr. E. Sarapuu, Sinclair Coal Company. 
Underground electrocarbonization can yield 
gas which, converted to electric energy at 
the site, may cost only a fraction of the money 
necessary to mine and transport coal by 
conventional methods. Analysis of a pro- 
posed large-scale industrial installation indi- 
cates that a cost of only 10 cents per 1,000,000 
Btu may be expected. 

The “St. Joseph Lead Company Develop- 
ment at Indian Creek,” by E. H. Tucker, of 
this company, and D. E. Cain, General 
Electric Company, was given by Mr. Tucker. 
A lead-zinc ore-processing plant, minimizing 
labor requirements and using the latest 
equipment, has been constructed. Electric 
equipment was selected to take full advan- 
tage of completely manufactured units. The 
main-power, underground-power, and sur- 
face-distribution systems, as well as hoist, 
compressor, crusher, mill, and flotation 
equipment, were discussed. 


Western Mining. J. G. Ivy, International 
Minerals and Chemical Corporation, pre- 
sided over the Wednesday afternoon session 
on western mining. 

F. C. Dohaney, Canadian General Elec- 
tric Company, presented a paper, “A 6,000- 
Horsepower Automatic Mine Hoist Drive,” 
by himself and L. W. Fisher, of the same 
company. Within the last 4 years, a Cana- 
dian mine has added 24,000 horsepower 
in amplidyne-controlled adjustable-voltage 
mine-hoist drives to its vertical transporta- 
tion system. 

“Electric Equipment of Electrolytic Zinc 
and Copper Production,” was given by C. P. 
Clark, General Electric Company. The 
selection of conversion equipment for electro- 


Future Airplane Electrical Design | 


Forecast at Aircraft Technical Conference — 


With an attendance of 382 engineers from 
all parts of the United States, the AIEE Air- 
craft Technical Conference was held in 
Seattle, Wash., September 30-October 3, at 
the Benjamin Franklin Hotel. A feature of 
the meeting was the inspection trips to the 
Boeing Airplane Company and Ault Field. 
On the latter tour, most of those attending 
took a trip on a DE Destroyer Escort ship. 
However, 40 of the aircraft engineers took 
advantage of transportation on a Boeing 
G-97 Stratofreighter provided by the Air 
Force. 

For the first time at a technical conference, 
many of the papers were officially presented 
as Transactions papers. This was made 
possible by the co-operation of members of 
the AIEE Headquarters staff and the AIEE 
Committee on Technical Operations. Of 
the 34 papers presented, ten had Trans- 
actions status. 

For the benefit of engineers who could not 
leave work to attend daytime sessions, two 
sessions were held in the evening. 
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high-voltage applications, and to the motor 
pencrator and mechanical rectifier in low- 
“voltage use. 


chemical processes must be reviewed regu- 
larly. The rotary converter, once the stand- 
ard of rectification for electrochemical use, 
has yielded to the mercury-are rectifier, in 


In the future, the germanium 
power rectifier should find increasing accept- — 
ance in the low-voltage field, as it is capable 
of 94-per-cent efficiency. | 

“Arc Furnaces in Mining Industry,” by | 
W. G. Wright, Canadian General Electric | 
Company, was presented by Mr. Dohaney. | 
The trend in modern furnace practice to the — 
use of the electric arc for the production of | 
ordinary-grade steels was noted, and electric | 
equipment used, including switchgear and 
transformers, was discussed. Arc character- || 
istics were described and methods of regula- | 
tion detailed. 1 

Other equally important sessions held ~ 
during the latter part of the meeting could | 
not be included here as the closing date _ 
for material occurred during the middle of i 
the meeting. These sessions were on i 
subjects as follows: cathodic protection, — 
transmission and distribution, power genera- | 
tion (two sessions), computing devices _ 
(three sessions), transformers, protective \ 
devices, system engineering (two sessions). | 
COMMITTEES i 


The members of the General Committee i 
for the 1953 Fall General Meeting were i 
G. C. Roush, chairman; Riley Woodson, i 
vice-chairman; S. H. Pollock, secretary- i 
treasurer; CC. M. Lytle, Vice-President, il 
District 7; J. C. Bibbs, J. E. Barfield, O. H. 
Johnson, C. M. Haynes, members-at-large. | 
The subcommittee chairmen were J. P. ‘| 
Kesler, registration and hotel; William’ 
Carter, reception; L. M. Schindel, technical | 
program; R. L. Baldwin, finance; A. Cf 
Kirkwood, entertainment; H. E. James, 
inspection trips; M. J. Horney, publicity; 
L. L. Davis, transportation; O. L. Starcke,’ 
printing; W. P. Smith, students; Mrs. S. H.! 
Pollock, ladies. Kl 


i 

Many technical papers which will set the, 
course for airplane electrical design for many, 
years into the future were presented. Lee R. 
Larson, Naval Research Laboratory, con-| 
cluded in one paper that modern aircraft, 
should use systems with parallel generators il 
and that the generators should be alternating 
current. He suggested that as a design ob7 


jective, the a-c system should be made as 


simple to operate as the old d-c systems, 


which would mean fully automatic parallel- 


ing. | 

Cooling electronic equipment in Aptos 
by sucking rather than blowing was advo- 
cated by R. E. Hedges, Douglas Aircraft 
Company. He told about experiments 
where squirting more and more air around 
electronic black boxes did not make the com- 
ponents run much cooler. However, when 
a hole was cut in the black box and air sucked 
out of it with a venturi, it was found that 
condensers and other components operated 
at 30 to 50 degrees cooler with only 30 
pounds of cooling air per hour. Further: 
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more, the radiant heat to the crew’s com- 
partment was almost completely removed. 

Mr. Hedges noted that a modern airplane 
carries too many audio amplifiers for the 
number of microphones it has. He sug- 
gested that considerable systems engineering 
for communications equipment was in order. 

Another significant paper was entitled 
“Selection Factors for Jet Transport Elec- 
trical Systems,”’ and was presented by E. P. 
Buckthal and Edward M. Haynes of the 
United Air Lines. 

A. M. Johnston, veteran test pilot and 
Chief of Flight Test of Boeing Airplane 
Company, and speaker at the evening ban- 
quet held on September 30, traced a typical 
mission in a B-52 Stratofortress to show how, 
at each stage, electrical failure could abort 
the mission. He stated, “Electronic equip- 
ment of modern high-performance airplanes 
is one of the life-giving arteries of that ve- 
hicle.” 

Before take-off electronic controls have to 
maintain cool temperatures in the cabin 
because the crew is dressed in heavy clothing. 
During take-off electric controls operate 
flaps and landing gears. During flight, fail- 
ure of radio equipment would prevent estab- 
lishment of an in-flight refueling rendezvous, 
and thus terminate the mission. 

Interphone failure is serious because high- 
altitude survival equipment renders crew 
members almost immobile, Mr. Johnson ex- 
plained. Since the ‘‘diving-type’’ helmets 
'make verbal communication impossible, the 
crew has to resort to note-passing. 

Failure of the navigational computer over 
‘water almost certainly would terminate the 
mission, he forecast. For some of the other 
components spare units are carried, but 
during the half-hour spent in correcting a 
trouble the airplane has flown 300 miles, 
and could be so far off course that there 
would not be enough fuel to complete the 
mission and return home. 

During the bombing run, electric equip- 
ment used to open bomb doors and release 
bombs must function dependably. In the 
event the airplane is punctured, it loses 
cabin pressurization. After that, the crew 
can survive only 10 minutes unless the plane 
lis dived to a lower altitude, Mr. Johnston 
said. Flight at lower altitude results in 
higher fuel consumption, which in a critical 
mission can make the return to home base 
difficult. 

Mr. Johnston compared the B-52 with a 
DE Destroyer Escort vessel, both of which are 
in the same price class. The DE has a crew 
of some 150 men, whereas the B-52 has five. 
Yet both vehicles move about in a fluid and 
have similar problems. However, the DE has 
extensive repair facilities, spare parts, and 
spare personnel, while the B-52 is dependent 
on the reliability of its equipment. 

“The B-52 carries more fuel than has ever 
been air-borne in one vehicle before,’? Mr. 
Johnston noted. ‘“‘Fuel management is ex- 
tremely important because having too much 
fuel in the wrong place can displace the 
center of gravity so far that the airplane be- 
comes uncontrollable. The electronic equip- 
ment used in fuel quantity gauging must not 
give false readings.” 


PROCEEDINGS 


Copies of both the conference and tech- 
nical papers have been made available 
as a Special Publication on this basis: 
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Shown at the speakers’ table during the Aircraft Conference banquet are (left to right): 
Mrs. A. M. Johnston; Test Pilot A. M. Johnston, speaker; John Nelson, chairman, 
Seattle Section; W. M. Allen, president, Boeing Airplane Company; Mrs. T. J. Martin; 
T. J. Martin, conference chairman; L. R. Larson, vice-chairman; Committee on Air 
Transportation; R. J. Helberg, chairman, banquet committee 


Shown at the re- 
cent Aircraft Con- 
ference are, left to 
right: T. J. Martin, 
chairman of the 
conference; A. M. 
Johnston, test pilot 
who spoke at the 
banquet; and L. R. 
Larson, vice-chair- 
man, Committee on 
Air Transportation 


5-57 Conference papers only $3.50 
S-57 Conference papers and technical 
papers (468 pages) 4.00 


A pamphlet of the discussions is expected 
to be made available at a price to be an- 
nounced later. 


District 2 Student Activities Committee 


Holds Annual Meeting in Washington, D. C. 


The Student Activities Committee of 
District 2 of the AIEE held its annual fall 
meeting at Howard University, Washington, 
D. C., on October 16 and 17, 1953. Repre- 
sentatives from 22 of the 28 schools in this 
District were present. 

Following registration on the morning of 
the 16th, separate conferences of students 
and counselors were held. At the student 
conference, which was presided over by 
James R. Duncan, chairman of the Howard 
University Branch, Dr. L. K. Downing, 
dean of the Howard University School of 
Engineering and Architecture, gave a brief 
talk in which he welcomed those attending 
the conference to Howard University. 
There was a discussion of Branch organiza- 
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tion and operation, program planning for 
Student Branches, use of Branch allowances, 
and the student prize paper competition. 
Herman F. Lame, a noted civil engineer, 
addressed this group on professional regis- 
tration of engineers. Frank E. Martin, 
District 2 vice-chairman, AIEE Membership 
Committee, addressed this group on in- 
creasing student membership in AIEE and 
advantages of continuing membership in 
AIEE as associate member after graduation. 


COUNSELORS’ CONFERENCE 


The conference of counselors was presided 
over by Ernest R. Welch, chairman of the 
District 2 Committee on Student Activities, 
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who opened the meeting with a brief report 
on the meeting of the Committee on Student 
Branches at the Summer General Meeting 
in Atlantic City in June 1953, and a brief 
report on the 1953 District 2 prize paper 
contest which was held at Bucknell Uni- 
versity. Walter B. Morton, Vice-President 
of District 2 then gave a report on AIEE 
Student Branches. Professor K. F. Sibila, 
University of Akron, led a discussion of 
Student Branch and District prize paper 
competitions. Out of this discussion came 
a recommendation that the scoring system 
for grading of papers be reviewed with the 
thought that a different method might 
encourage greater student participation in 
prize paper contests. Professor Carl F. 
Evert, University of Cincinnati, invited the 
group to hold its 1954 District Prize Paper 
Contest at the University of Cincinnati. 
This invitation was accepted and the 1954 
District Prize Paper Competition will be 
held at the University of Cincinnati at a 
time to be selected by Professor Evert. 
Professor Neal A. Smith, Ohio State Uni- 
versity, invited the group to hold its 1955 
Prize Paper Competition at Ohio State 
University in conjunction with the District 2 
meeting which is scheduled for Columbus 
in 1955. This committee received with 
thanks the invitation and decided to recom- 
mend to the Student Activities Committee 
which succeeds this one that the invitation 
be considered, since this committee felt 
that it did not have authority to set a place 
for the 1955 District Prize Paper Competi- 
tion. 

An announcement was made of the 
invitation of Radio Corporation of America 
(RCA) to first, second, and third place 
winners in the District Prize Paper Compe- 
tition to visit its laboratories as guests of 
RCA. There was a brief discussion of 
joint AIEE-Institute of Radio Engineers 
(IRE) activities with special emphasis on 
the joint AIEE-IRE prize paper competition. 
An announcement was made of the new 
allowance of $1.00 per member on rolls of 
the Institute on November 15 and $.50 per 
member for those joining between No- 
vember 15 and February 1, emphasizing 
that there are no restrictions on use of this 
money but that a report of its use must be 
made to national headquarters. Ways of 
getting new members in the Branch were 
discussed. Professor E. C. Dubbe, West 
Virginia University, invited the Student 
Activities Committee to hold its 1954 annual 
meeting at the University of West Virginia. 
This invitation was accepted and Professor 
Dubbe was elected new chairman of this 
committee for the year beginning August 
1954. 


INSPECTION TRIP 


At 12:30 p.m., the party boarded busses 
at the Engineering Building which had been 
provided through the courtesy of the Naval 
Ordnance Laboratory at White Oak, Md., 
for an inspection trip to that organization. 
A very interesting and educational inspection 
tour of the facilities of the Naval Ordnance 
Laboratory was made, covering the many 
laboratories. 


DINNER MEETING 


Friday evening was devoted to a dinner 
meeting in the Faculty Dining Room of 
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District 2 Student Activities Committee, Howard University, Washington, D. C., October 
16, 1953 i 


Baldwin Hall, on the Howard University 
campus. After dinner, the group was 
welcomed by Dr. L. K. Downing for the 
university. Gravatt G. Coleman, chairman 
of the Washington Section, welcomed the 
group for the Washington Section. Walter 
B. Morton brought greetings from the 
District and introduced the speaker of the 
evening, Dr. Ralph D. Bennett, technical 
director of the Naval Ordnance Laboratory, 
who spoke on ‘“Technology and Our Navy 
Today.”? Among the guests were WR aieXe 
O’Halloran and D. S. Bender of the Wash- 
ington Section Advisory Board, W. J. 
Ellenberger, vice-chairman, and Myron 
M. Moore, secretary-treasurer of the Wash- 
ington Section, Frank E. Martin, Dr. A. J. 
Blackburn, dean of students, and Eee A. 
Ryan, dean of men of Howard University. 


SATURDAY SESSION 


At the Saturday morning session, Dr. 
Mordecai W. Johnson, president of Howard 
University, welcomed the group to Howard 
University. N. S. Hibshman, Assistant 
Secretary of AIRE, then addressed the group 


Board of Directors Meeting 


Held in Vancouver, Canada 


The regular meeting of the AIEE Board 
of Directors was held in the Hotel Vancouver, 
Vancouver, British Columbia, Canada, on 
September 3, 1953. 

The minutes of the meeting of the Board 
of Directors held on June 18, 1953, were 
approved as previously distributed. 


EXECUTIVE COMMITTEE 


Executive Committee actions on member- 
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il 
and answered questions from the floor abou i 
Institute matters, and H. H. Sheppard | 
District 2 Sections Committee representative 
who addressed the group, asked question: 
about how Sections might better help 
Branches and answered questions from the 
floor. Vice-President Morton addressec| 
the group on Institute matters. Professoi_ 
Sibila reviewed the subject of Branch anc 
District Prize Paper Competitions for thc 
group, and Mr. Martin summarized hi 
address of Friday morning pertaining te 
membership in AIEE and its advantages 
The District 7 Branch Manual was pre) 
sented to this group and, after discussion 
a motion was passed recommending tha 
the Committee on Student Branches b: 
asked to take necessary steps to have suc] 
a Student Branch Manual distributed on « 
national basis. The committee felt thal 
with a few minor changes to adapt thi 


. . . il 
manual to different Districts, such a manua 


would be excellent for use as a guide i) 


Branch operation. ‘There was an inspectio: 
tour of the facilities of the new Engineerin 
Building at Howard University followin 


adjournment. | 


ship applications were reported and cor 
firmed, as follows: As of July 31, 1953— 
76 applicants transferred and 9 elected t 
grade of Member; 1 Member reinstatec 
2 Members re-elected; 357 applican 
elected to grade of Associate Member; 
Associate Member reinstated; 22 Associat 
Members re-elected; 39 applicants electe 
to grade of Affiliate; 164 Student membe;} 
enrolled. 
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The Board voted to approve the action 
of the Executive Committee approving the 
proposed changes in the second revision of 
the Standards manual. 


BOARD OF EXAMINERS 


Recommendations adopted by the Board 
of Examiners at a meeting on June 18, 1953, 
were reported and approved. ‘The following 
actions were taken, upon recommendation 
of the Board of Examiners: 44 applicants 
transferred to grade of Member; 184 
applicants elected to grade of Associate 
‘Member; 17 Associate Members re-elected; 
43 applicants elected to grade of Affiliate; 
62 Student members enrolled. 

The Board of Examiners submitted 7 
proposals for transfer to the grade of Fellow 
with a favorable recommendation and a 
recommended citation in each case. The 
Board of Directors voted to invite the 7 
‘Members listed below to be transferred to 
| the grade of Fellow: 


E. F. W. Beck, Section Manager, Westinghouse Electric 
1 Corporation, East Pittsburgh, Pa. 


C. H, Cramer, Assistant Transmission Research Engi- 
neer, Western Union Telegraph Company, 60 
Hudson Street, New York 13, N. Y. 


O. T. Farry, Supervisor of Power Transformer Engi- 
neering, Wagner Electric Corporation, 6400 
Plymouth Avenue, St. Louis 14, Mo. 


J. D. Ferguson, Managing Director, MacEntee and 
Ferguson Ltd., 28 Merrion Square, Dublin, 
Ireland 


} 

4. P. Godsho, Engineer of Transmission and Protection, 
The Bell Telephone Company of Pennsylvania, 
1401 Arch Street, Philadelphia 2, Pa. 


Slen Ireland, Vice-President Personnel Department, 
t The Pacific Telephone and Telegraph Company, 
i 140 New Montgomery Street, San Francisco 5, 
Calif. 


\). W. McLenegan, Manager, Technical Personnel and 
Education, General Electric Company, Nucleonics 
Division, Richland, Wash. 


1) 


More information regarding the afore- 
iamed individuals appears under “‘AIEE 

Fellows Elected” (pages 1128-30). 

iH FINANCES 

|‘ Treasurer Walter J. Barrett submitted 

| report for the period May 1 to July 31, 
953, copies of which were distributed. 
‘he Board voted to accept this report. 

_. Chairman Purnell of the Finance Com- 
‘aittee reported disbursements from general 
‘ands as follows: July—$99,576.89; August 
$79,175.32. The report was approved. 

_. A comparative statement of income and 
xpenses for 11 months of the budget year 
nding September 30, 1953, was presented. 
t showed that the income to August 25 
vas $1,055,196, or 95 per cent of the esti- 
hated income for the appropriation year, 
nding September 30, compared with 92 
er cent last year. Expenses for the 11 
aonths ended August 31 were $996,284, 
r 86.5 per cent of the estimated expenses 

| x the appropriation year, compared with 

| 2.5 per cent last year. 

Hd 
( OTHER BUSINESS 


| Upon recommendation of the Committee 
4 Constitution and Bylaws, the Board 
Hopted the following amendments to the 

| \ylaws: 

| Section 2. Amended by the addition of a 
paragraph as follows: 


| **Proposals for the election of Homorary Members 
all not be deemed to come under the review of the 
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Board of Examiners and the routines set up by the 
Board of Examiners shall not apply to the nominees 
proposed for the grade of Honorary Member. In 
consideration of such proposals, the Board of Directors 
may use the assistance and advice of the Advisory 
Committee on Honors.” 


Add the following new section to the By- 
laws as Section 67b: 


“The advisory Committee on Honors shall consist 
of six Fellows, appointed by the Board of Directors; 
six to be appointed initially with two each for 1-year, 
2-year, and 3-year terms, and thereafter two to be 
appointed each year for a term of 3 years, all terms being 
from August 1st of the year in which they are appointed. 
This committee is charged with the continuing function 
of reviewing potential nominees for honorary member- 
ship, including suggestions that may be received from 
the Board of Examiners and others, and of recom- 
mending to the Board of Directors, candidates for 
election to honorary membership. This committee is 
not to be listed in the published list of standing com~- 
mittees.” 


Delete the 
Section 23 of the Bylaws and replace the 
deletion with the following: 


Sec. 23. During September of each year, the secretary 
of the Nominating Committee shall notify the chairman 
and secretary of the executive committee of each geo- 
graphical District, and the chairman and secretary of 
each technical division committee that, by December 
fifteenth of that year, each District and each technical 
division should select a representative to serve as a 
member of the AIEE Nominating Committee and an 
alternate to serve if the representative is unable to attend 
the meeting of the Nominating Committee. The names 
of representatives and alternates, so selected, should be 
transmitted by the above designated officers to the 
secretary of the Nominating Committee by December 
fifteenth. 

During September of each year, the secretary of the 
Nominating Committee shall notify the chairman and 
secretary of the executive committee of each geo- 
graphical District in which there is, or will be during 
the year, a vacancy in the office of Vice-President that, 
by December fifteenth of that year, a nomination for 
a Vice-President in that District made by the District 
executive committee should be in the hands of the 
secretary of the Nominating Committee. 

Between October first and December fifteenth of 
each year, the Board of Directors shall choose a number 
of its members, not exceeding the number of technical 
divisions, to serve on the Nominating Committee, and 
notify the secretary of the Nominating Committee of 
the names of the members so chosen. 

In the fourth paragraph of Sec. 23, delete the word 
“fifteen” at the end of the first line of this paragraph. 
This change is necessary because of the increase in 
size of the committee as result of the new constitutional 
amendment. 


The Board approved the recommendation 
of the Edison Medal Committee that ar- 
rangements be made with counsel for AIEE 
and The New York Trust Company, as 
Trustee under the trust indenture dated 
March 26, 1908, that the corpus of said 
trust (known as Edison Medal Fund) be 
transferred by judicial settlement to AIEE, 
and that AIEE be appointed as successor 
or substituted trustee in the place and stead 
of said The New York Trust Company 
who shall resign; and if feasible, to con- 
solidate the corpus of said trust fund with 
the fund recently established in the AIEE to 
provide additional income for the purpose 
of making the annual medal award. 

Upon recommendation of the Head- 
quarters Committee, the Board authorized 
the Secretary to: 


1. Limit the stock of back issues of Electrical Engi- 
neering to a period of 5 years. 


2. Discard preprints of Transactions papers after 
2 years, 


3. Discard Special Technical Publications and 
Technical Conference Reports when the demand has 
dropped to a point where the volume of indicated future 
sales in the Secretary’s judgment, warrants. 


4. Discard all stocks of Standards when super- 
seded, except one file copy. 
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first three paragraphs in. 


5, Discard routine correspondence files after 3 years. 

6. Discard Section, Branch, and committee records 
after 5 years. 

7. Prepare a form by which requests for publications 
not in stock can conveniently be answered with informa- 
tion as to the location of the desired material in the 
permanent printed records of the AIEE and the method 
and cost of obtaining it. 


The Board voted to elect Julius C. 
Strasbourger of Cleveland, Ohio, to the 
unexpired term of Director ending July 31, 
1954, succeeding President Elgin B. Robert- 
son. ~ 

Upon recommendation of the Sections 
Committee, the Board voted that the New 
Hampshire Section, formerly the New 
Hampshire Subsection of the Boston Section, 
be admitted to the Institute as the 100th 
Section. 

Upon a request from Creative Frontiers, 
Inc., for certain limited endorsement and 
co-operation, which request was referred 
to the Committee on Public Relations by 
the Board of Directors for consideration 
and such action as it deems appropriate, 
the committee reported that it would be 
willing to undertake to provide a responsible 
reviewer for scripts submitted, for which 
the Institute would act as host, obtaining 
where necessary competent technical advice. 
The Institute, however, should insist that: 


1. They (the Institute) should have final say on the 
material included in the script. 


2. The Institute will not assume the responsibility 
for the initial selection of individuals to be “‘glorified” 
on the program. 

3. They are to be advised of the other scripts, indi- 
viduals, and organizations that participate in the 
over-all program, This matter is directed toward 
keeping the Institute free from being associated with 
controversial sociological subjects which would not be 
compatible with the objectives of the Institute. 


4. The Institute is, in no way, to be committed to 
any financial contribution. 


The Executive Committee of the Engi- 
neers’ Council for Professional Development 
(ECPD) recommended to the AIEE the 
appointment of the folowing Institute 
members as members of the indicated com- 
mittees of ECPD: 


Education: HH. L. Hazen, W. L. Everitt 
Student Development: Lee H. Hill, Eugene W. O’Brien 
Training: Donald Bridgman 

Recognition: George H. O’Sullivan 

Ethics: R,. W. Sorensen 

Information: C. S. Rich 


The Board voted to approve the appoint- 
ment of the foregoing list and further to 
delegate to the AIEE representative on the 
ECPD Executive Committee, Morris D. 
Hooven, the authority to complete the list 
of required appointments to ECPD com- 
mittees. 

The Board voted to approve the proposal 
received from University Microfilms, Inc., 
endorsed by the UET Library Board, and 
approved by the AIEE Publication Com- 
mittee, calling for permission to be granted 
for the microfilming of 12 issues of Electrical 
Engineering for which privilege University 
Microfilms, Inc., will pay AIEE 10 per cent 
of all gross sales of microfilm from Electrical 
Engineering, in addition to which AIEE 
will be furnished with one complete set of 
such films. 

A letter was presented from the chairman 
of the Liaison Committee of the Institute 
of Electrical Engineers of Japan, requesting 
that the AIEE designate Dr. W. W. Lewis, 
Emeritus Professor of Union College, as 
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the official lecturer representing the Institute 
before the Institute of Electrical Engineers 


_of Japan. The Board voted to approve the 


request. 

An invitation was received from the 
American Institute of Consulting Engineers 
for the Institute to be represented at their 
Annual Dinner in New York on October 19, 
1953, at which time an award of merit is 
to be made, and on which occasion the 
representative of AIEE is to be a special 
guest. 

The AMIME (Mexican National Engi- 
neering Organization) extended an invita- 
tion to delegates from AIEE to attend its 
Third National Congress, November 29- 
December 3, 1953. The appointment of 
a suitable delegation was left to the president. 

The president was authorized to appoint 
delegates to attend the 35th Anniversary 
of the American Standards Association to 
be held in New York on October 19, 1953. 

The Board voted to refer the invitation 
from the National Research Council for 


' the AIEE to be represented at a conference 


to be held October 22-23, 1953, in New 
York, on the subject of training in the field 
of applied mathematics, to the chairman of 
the Subcommittee on Applied Mathematics 
of the Committee on Basic Sciences. 


ATTENDANCE 


Present at the meeting were: President 
Elgin B. Robertson; Past President F. O. 
McMillan; Vice-Presidents C. P. Almon, Jr., 
A. S. Anderson, W. L. Cassell, G. D. Floyd, 
W. Scott Hill, M. D. Hooven, Thomas 
Ingledow, C. M. Lytle, Walter B. Morton, 
George C. Tenney; Directors Donald I. 
Cone, R. F. Danner, D. D. Ewing, L. F. 
Hickernell, T. M. Linville, N. C. Pearcy, 
Cc. S. Purnell, E. W. Seeger; Treasurer 
Walter J. Barrett; Secretary H. H. Henline, 
and Assistant Secretary N. S. Hibshman. 


355 Attend Conference 
on Air-Moving Equipment 


The AIEE Conference on the Application 
of Motors to Air-Moving Equipment and 
Symposium on Induction Motors, held in 
the Van Orman Hotel in Fort Wayne, Ind., 
October 6-8, drew a total registration of 355. 
This is the second conference on small motors 
and their application to a special line of 
products.. The first was held in Dayton, 
Ohio, in October of 1951 and dealt with the 
application of motors to pumps. 

Sponsored by the Committee on Rotating 
Machinery and the Fort Wayne Section, the 
conference was opened with words of wel- 
come by M. L. Miller, Section chairman. 

All of the papers were very well received, 
and were followed by periods of discussion. 
J. E. Noest, Commonwealth Edison Com- 
pany, New York, N. Y., expressed the utili- 
ties’ concern over the huge load represented 
by room air conditioners. In the event of a 
power outage, this load would be waiting to 
come on when power was restored. ‘This 
terrific starting demand might make it im- 
possible to restore service. He suggested 
some provision be made to cascade the start- 
ing of the unit’s motors. Other discussions 
centered around the shaded-pole motor, its 
advantages and limitations for room air- 
conditioning application, and the present 
15-ampere limit set on these units. Ques- 
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General Chairman 
J. H. Capps has 
just presented Dr. 
E. E. Voekel, Min- 
ister, Plymouth 
Congregational 
Church, as guest 
speaker at the 
luncheon held dur- 
ing the Conference 
on the Application 
of Motors to Air- 
Moving Equip- 
ment. Dr. Voekel 
spoke on ‘‘Humor 
in the Ministry”’ 


tionnaires passed out at the last session indi- 
cated a desire for similar conferences to be 
held in the future. 

The symposium on the induction motors 
offered a variety of papers covering motor 
analysis and design problems. Papers were 
presented to a very interested group which 
offered numerous points for discussion. 

The following were chairmen of the vari- 
ous conference committees: J. H. Capps, 
general chairman; P. O. Noble, program 
chairman; Sol London, arrangements; J. A. 
Walley, reservations and registrations; M. J. 
Carroccio, publicity; R. E. Trovinger, stu- 
dent participation; D. D. Hershberger, 
conference treasurer. 


AIEE Will Be Joint Sponsor of 
Conference on Transistor Circuits 


A Conference on Transistor Circuits will 
be sponsored jointly by the Institute of 
Radio Engineers Professional Group on 
Circuit Theory and subcommittees of the 
AIEE Committee on Electronics on Feb- 
ruary 18-19, 1954, in Philadelphia, Pa. 

The conference will include papers dis- 
cussing the representation of transistors for 
circuit design purposes, problems peculiar 
to the design of transistor circuits, and 
current trends in transistor circuit designs 
in both linear and pulse applications. The 
conference is designed to appeal primarily 
to engineers working actively with transistor 
circuits; consequently, introductory con- 
cepts of transistor circuit design and per- 
formance will not be reviewed in any detail. 

Registration material will be ready for 
mailing early in January, and details of the 
registration procedure will be announced 
at that time. 


Head Named President 
in Recent UET Elections 


James L. Head of the Anaconda Copper 
Mining Company has been elected president 
of United Engineering Trustees, Inc., 
(UET) succeeding R. F. Gagg, president for 
the last 2 years. Mr. Head has been active 
in the work of the American Institute of 
Mining and Metallurgical Engineers whom 
he has represented on the Board of UET 
since 1947. He was chairman of the Engi- 
neering Societies Library for the past 2 
years, and vice-president of UET, and is a 
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past president of the Mining and Metal- — 
lurgical Society of America. 


Other officers named at the 
elections were Gail F. Moulton, Rockefeller 
Brothers, Inc., and AIEE Treasurer Walter 
J. Barrett (F 50), New Jersey Bell Telephone 
Company, vice-presidents; Waldo G. Bow- 


man, McGraw-Hill Publishing Company, || 
and Joseph L. Kopf, Jabez jj 
Burns and Sons, Inc., assistant treasurer. | 
John H. R. Arms was re-elected as secretary | 


treasurer 5 


and general manager, a position he has 
occupied since 1933. Mr. 
elected chairman of the fiance committee _ 


i 
and Mr. Gagg, chairman of the real estate | 
committee. i 

UET was incorporated in 1904 by cor- || 
\ 


porators appointed by the civil, mining, 
mechanical, and electrical engineering so- 
cieties for ‘“‘the advancement of the engineer- _ 
ing arts and sciences in all their branches and © 


to maintain a free public engineering | | 
Its members, three appointed by i 
each Founder Society, are empowered to act i) 
for the societies in all matters of common } 


library.” 


interest. } 


Villanova Student Branch 
Reports Recent Activities 


The Joint AIEE-Institute of Radio Engi- 
neers (IRE) Student Branch at Villanova | 


College, Villanova, Pa., reports a number of i 
activities held during the month of October. — 
Joseph Zator is the Branch chairman. | 


At the meeting on October 8, Father | 
Klekotka, Student Branch IRE counselor, _ 
discussed the benefits of the IRE. The ad- _ 
vantages of AIEE membership were discussed 


by J. B. Clothier, the Branch moderator. 

F. Hershey, a representative from the — 
AIEE Student Action Committee in Phila- 
delphia, Pa., spoke at the second business 
meeting on October 15. The purpose of his 
talk was to point out the advantages of AIEE 
membership to the students and to encourage 
all those who had not joined to do so. 

On October 19, members of the Villanova 


Branch went on their first field trip of the © 
current school year, to the Southwark Power | 


Plant of the Philadelphia Electric Company. 


The tour covered all phases of the prepara- | 
tion of the fuel, the operation of the boilers, | 


q 
recent | 


Moulton was 


the turbines, the generators, the condensing 


units, and circuit breaking equipment. 
Present at the first formal smoker of the 
Branch on October 20 were two engineers 


from the Philadelphia Electric Company who — 
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discussed work of their respective departments. 


The first speaker, Marshal Adams, ex- 
plained the working of the transmission and 
distribution department, emphasizing the 
advance planning that is necessary in dis- 
tribution work. Mr. Clouse, the second 
speaker, is affiliated with the company’s 
-Bulk-Power Transmission System. His talk 
included the future sites of power stations, 
the general layout of present power stations, 
and the interconnections of the Philadelphia 
Electric Company with neighboring utilities. 


| Fourth Annual Awards Made 
Under Section Growth Plan 


At the Section Delegates Conference held 
_ during the AIEE Summer General Meeting 
at Atlantic City, N. J., in June, awards were 
\ made for the fourth time Gndee the Section 
i Growth Award Plan. 
t First prizes of a gavel, suitably inscribed, 
*were awarded to the Schenectady Section 
and the Spokane Section for the larger-than- 


average Sections, respectively, for the year 
1952-53: 

Second prizes of a certificate, suitably en- 
graved, were awarded to the Maryland 
Section and the Cincinnati Section for the 
larger-than-average Sections and the smaller- 
than-average Sections, respectively, for the 
year 1952-53. 

So that all eligible Sections might evaluate 
their relative performance, Table I has 
grouped the Sections by Districts and shows 
the effect of membership and attendance 
growth in each case. 

To date, the plan has been administered 
without any fundamental change being made 
in the original Growth Plan formula. 

Basing Section performance on member- 
ship and attendance still appears to be the 
best criteria and, also, provides a workable 
plan which is easy to apply. It continues to 
be the opinion that all other accomplish- 
ments of a Section eventually have their 
effect on either membership or attendance, 
or both. 

Under the rules governing the Section 
Growth Award, any Section may be dis- 


anything in the Section’s particular record — 
so abnormal as to give it an unfair advantage 
over the other Sections. For the last three 

awards, several instances have been noted of 
a meeting attendance that exceeds the Sec- 

tion membership to such a degree that it has 

a marked effect on the Growth Factor. 

Since this was not an isolated case and it is 

desirable to avoid disqualification wherever 

possible, the judging committee has limited 

the credit for attendance per meeting to a 

maximum of 250 per cent of the Section 

membership. The amount of this limitation 

was not arbitrarily selected;.on the con- 

trary, it is the result of an extensive graphical 

analysis which showed it to be the best to 

accomplish the intention which is to eliminate 

the effect of meetings with unusually large 

attendance. 

The administration of the Section Growth 
Award Plan is the responsibility of the Sec- 
tions Committee and awards for each year 
are made at the conference held for Section 
Delegates during the Summer General Meet- 
ing. More detailed explanation of the 
Sections Growth Award Plan is available in 


average Sections and the smaller-than- qualified by the judging committee if it finds the September 1951 issue, pages 820-2. 
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, S—Sections which have a membership equal to, or less than, the average eligible Section. 
| L—Sections which have a membership greater than the average eligible Section. 
Those Sections not designated are ineligible because they were Jess than 4 years old on May 1 1953 
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Missouri Mines Branch 
Opens New School Year 


The Joint AIEE-Institute of Radio Engi- 
neers Student Branch at the Missouri School 
of Mines, Rolla., Mo., opened the month of 
September and the 1953-54 school year with 
more than 350 students attending the first 
two meetings. Branch chairman is Fred 
Burns and the faculty advisor, J. W. Ritten- 
house. 

More than 230 students attended a demon- 
stration of ‘“‘Microwaves and Your Tele- 
phone” given by the Bell Telephone Com- 
pany. Some 120 freshmen who attended the 
freshman smoker toured the electrical engi- 
neering department and were told of the 
merits and purposes of the AIEE. More 
than 30 per cent of the students joined the 
Student Branch and 13 per cent signed up 
for membership in the national organization. 
At the present time more than 65 per cent of 
the students in the electrical department 
belong to the student organization. 

Plans are now in preparation for an inspec- 
tion trip to the Frisco Railroad’s Diesel 
Shops, together with a visit to the campus by 
R. F. Danner, AIEE Director and chairman 
of the Committee on Student Branches. 


President and Secretary Attend 
EUSEC Meeting in Paris 


As authorized by the Board of Directors 
on April 23, 1953, President Robertson and 
Secretary Henline attended a meeting of 
the Conference of Representatives from the 
Engineering Societies of Western Europe 
and the United States of America (EUSEC) 
held in Paris, France, September 7-11, 1953. 

Among the topics considered were defi- 
nitions of the terms ‘‘professional engineer”’ 
and ‘‘engineering technician,”’ international 
conferences on engineering education, ex- 
changes of publications and lecturers, visits 
of students, abstracting services in the 
engineering field, relations with other inter- 
national engineering organizations, EUSEC 
Bulletin, the possibility of developing an 
international code of ethics for engineers, 
and admission of other engineering societies 
to EUSEC. 

Thursday, September 10, was devoted 
to an all-day trip through the wine-growing 
country of France and visits in Reims and 
vicinity. 

Friday was devoted to the presentation 
of various reports and the adoption of 
recommendations and resolutions. ‘The last 
event was a banquet Friday evening. 

fter the meeting, Messrs. Robertson and 
Henline spent a brief vacation traveling 
through Switzerland and Italy. 


Susquehanna and New Hampshire 
Become Sections 99 and 100 


With the installation of the New Hamp- 
shire Section in Manchester, N. H., on 
October 8, 1953, the AIEE marks the or- 
ganization of its 100th Section. Just one 
day previously, on October 7 in Lancaster, 
Pa., the Susquehanna Section was officially 
recognized as the 99th Section. 

W. Scott Hill, Vice-President of the North 
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At the Susquehanna Section Charter Night banquet are (left to right): Paul Kaseman, i 
Section secretary; C. J. Backstrand, Armstrong Cork Company; Bartow Van Ness, i] 
Pennsylvania Water and Power Company; Miles Keiffel, banquet chairman; Dr. H. © 
H. Beck, speaker; K. J. Granbois, Section chairman; Vice-President W. B. Morton; | 
G. T. Storb, Pennsylvania Power and Light Company; G. E. Conn, past chairman 
Lancaster-York Subsection; H. W. Becker, Rector, St. Johns Episcopal Church 


Vice-President W. 
Scott Hill presents 
the New Hamp- 
shire Section char- 
ter to G. F. Austin, 
the 
former Subsection. 
Looking on are 
Directors C. S. 
Purnell (left) and 
Victor Siegfried 
and Assistant 
Secretary N. S. 
Hibshman 


chairman of 


Eastern District, presented the charter to 
the new New Hampshire Section. In his 
address he pointed out that “100” is a symbol 
of value, whether it be in age, distance, or 
speed, or, as in this case, as an indication of 
growth. 

Also present at the inaugural meeting in 
New Hampshire was N. S. Hibshman, Assist- 
ant Secretary for the Institute, and Directors 
Victor Siegfried and C. S. Purnell. 

The newly organized Susquehanna Sec- 
tion was officially recognized at a Charter 
Night banquet at which W. B. Morton, Vice- 
President, Middle Eastern District, presented 
a charter and gave a short talk on “This Is 
Your Institute.’ The main speaker was 
Dr. H. H. Beck, professor emeritus of chem- 
istry and mineralogy and director of the 
North Museum of Franklin and Marshall 
College, who traced life in the Susquehanna 
Valley back to 12,000 years before Christ in 
his talk, ‘““The Old Susquehanna.” 

The new Susquehanna Section is com- 
prised of members formerly affiliated with 
the Lancaster-York Subsection of the Mary- 
land Section. 


District 7 Adopts 

Student Branch Manual 

Early this fall there were distributed to 
every Student Branch in District 7 two copies 


of the first Student Branch Manual ever to 
be used in that District. 
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This manual, which consists of a complete 
compilation of suggestions, bylaws, and con- | 
stitutional provisions relating to the conduct 
of Student Branch affairs, represents the 
culmination of many years of planning by 


the Branch counselors of the District. After 
discussing the potential contents of such a 
manual for more than 3 years, the District 
Committee on Student Activities appointed 
a subcommittee in April of 1952 to prepare 
a rough draft of such a manual for discussion 
at the counselors’ meeting in 1953. 

Working under the supervision of this 
subcommittee, composed of Professors Joseph 
W. Rittenhouse of Missouri School of Mines 
and J. Bruce Wiley of The University of 
Oklahoma, three Student members of the | 
Missouri School of Mines Branch, George 
McCormick, Eugene Ellis, and Richard 
Reeg, compiled the rough draft of the man- 
ual which was adopted at the April 1953 
meeting of District 7 Student Activities 
Committee. 

The money derived from contributions 
from the Sections and Student Branches in 
the District made possible the preparation 
of 200 copies of the manual, most of which 
will be distributed for criticism to people 
throughout the Institute during the coming 
year. It is hoped that the criticisms obtained 
in this manner will result in a much improved 
manual for the 1954-55 academic year. 

The contents of the manual are taken 
from many sources, but probably the largest 
single source is the regular set of mimeo- 
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graphed information letters which national 
headquarters annually sends to all Student 
Branches. In its final form it consists of 48 
pages bound in loose-leaf form in press- 
board covers. The loose-leaf arrangement 
will permit ready revision simply by the re- 
placement of individual. pages as they be- 
come obsolete. 

Of particular value are the 17 appendixes 
which contain samples of the various forms 
such as meeting minutes forms, financial 
statement forms, and membership applica- 
tion forms, and also contain a complete copy 
of the national Constitution and Bylaws as 
well as a place to insert the local Branch 
constitution. 

It is expected that the introduction of this 
manual greatly will facilitate the smooth 
functioning of Student Branches in the 
South West District. This year will mark the 
first time that a new set of Branch officers or 
a new counselor will have at the beginning 
of their terms of office a complete set of in- 
structions bound into a single book to an- 
swer the many questions that always arise 
at the beginning of a new year of student 
activities. 


Machine Tool Conference 
Is Held in Cleveland, Ohio 


The sixth annual AIEE Conference on 
Machine Tools, sponsored by the AIEE 
Subcommittee on Machine Tools, was held 
at the Cleveland Hotel, Cleveland, Ohio, 
October 14-16, 1953. The AIEE Cleveland 
Section acted as host to this conference and 


' took care of all local arrangements including 


_ plant tours, banquet, and so on. 


The 584 
persons attending the conference represented 
mainly electrical and mechanical engineers 
with machine-tool builders, electrical manu- 
facturers, and large users of machine tools, 
such as the automotive and aircraft industries. 

Technical papers were presented on a 
wide variety of subjects including electron 
drives, automatic control, electrical codes in 
the machine tool industry, clutches, and 
dynamic brake motors. 

The technical program provided the engi- 
neers with up-to-date information on new 
products, processes, and techniques. They 


_ had an opportunity to discuss their applica- 
' tions and mutual problems in connection 
' with various standards, codes, and safety 


regulations applicable to the designing, 
building, and use of electrified machines. 
In this connection one of the subjects was 
“Today’s Machine Tools Need Modern 
Electrical Codes.” 

Plant tours were scheduled of the Ford 
Motor Company, Engine Plant; Warner- 
Swasey Company; Reliance Electric and 
Engineering Company; Chevrolet Motor 
Company, Transmission Plant. 

Tell Berna, toastmaster at the banquet on 
October 14, introduced Frederick S. Blackall, 
Jr., the principal speaker. Mr. Blackall is 
president of Taft-Pierce Manufacturing 
Company and president of The American 
Society of Mechanical Engineers. In his 
address on “The Engineer’s Obligation to a 
Free Society,” he challenged the engineer to 
be alert to social problems. He cited the 
conference as an example of how engineers 
of different professions and societies could 
co-operate in undertaking subjects and prob- 
lems of common interest. 


Annual AIEE Prizes Listed 
in Various Classifications 
The following is a reminder of the awards 


which are available each year in each 
classification : 


1. Institute 


Second 
Class First Prize Prize 
(2), Power $100 and certificate Certificate 
(6). Industry $100 and certificate Certificate 
(c). Communication $100 and certificate Certificate 
(d). General Appli- $100 and certificate Certificate 
cations 
(e). Science and $100 and certificate Certificate 
Electronics 
(f). Best Student $100 and certificate Certificate 
Paper 
2. District 
Second 
Class First Prize Prize 
(a). Best paper, any $75 and certificate $50 and 
class certificate 
(6). Best paper pre- $25 and certificate Certificate 
sented by un- 
dergraduate 
Student mem- 
ber in District 
competition 
3. Section 
$100 to be divided at the discretion of the Section with 


a maximum of $50 for any one prize and certificate for 
each winner. 


Shown at the Ma- 
chine Tool Con- 
ference banquet 
are (left to right): 
AIEE Director J. 
C.  Strasbourger; 
R. H. Clark, gen- 
eral chairman of 
the Subcommittee 
on Machine Tools; 
F. S. Blackall, Jr., 
president, ASME; 
Tell Berna, toast- 
master; H. B. Os- 
born, Jr., national 
second vice-presi- 
dent, American So- 
ciety of Tool Engi- 
neers 
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4. Branch (Undergraduate) 


Second 
Class First Prize Prize 
(a). Best Paper $10 and certificate Certificate 


plus an allowance 
of 13 cents per 
mile one way for 
800 miles or less 
and 10 cents per 
mile one way for 
remaining  dis- 
tance to the Dis- 
trict Student 
prize paper com- 
petition 


Coauthors will split prize; each will re- 
ceive a certificate. Equivalent gift may be 
substituted for the monetary prize. 

The complete rules for the award of 
prizes for AIEE technical papers appear in 
the September 1952 issue of Electrical Engz- 
neering (page 815). 


Program Announced for 
Joint Computer Conference 


‘Information Processing Systems—Re- 
liability and Requirements,” is the general 
theme of the Eastern Joint Computer Con- 
ference and Exhibition sponsored by the 
Institute of Radio Engineers, the Association 
for Computing Machinery, and the AIEE, 
to be held December 8-10, 1953, at the 
Statler Hotel, Washington, D. C. 

Mark Swanson, chairman of the local 
committee on arrangements, has announced 
the completion of plans for all important 
aspects of this conference. L. R. Johnson, 
vice-chairman in charge of registration, 
stated that present interest in the conference 
indicates an attendance of at least 1,600 
persons. The reception and cocktail party 
already planned by Stanley F. Reed assures 
the opportunity for a thorough get-together 
with all speakers and other participants of 
the conference. 

Dr. Howard T. Engstrom, chairman of 
the technical program committee, reports 
that arrangements have been made final for 
the following presentations: 


Tuesday, December 8 


Morning 


“Address of Welcome,” John H. Howard, Burroughs 
Corporation 


“Keynote Address,” Howard T, Engstrom, Remington 
Rand, Ine. 


The RTMA Support of the 1950 Computer Con- 
ference—A Progress Report. Thomas H. Briggs, 
Burroughs Corporation 


The Use of Electronic Data Processing Systems in 
the Life Insurance Business. M. E. Davis, Metro- 
politan Life Insurance Company 


Computer Applications in Air Traffic Control. Vernon 
I. Weihe, Air Transport Association of America 


Afternoon 


Data Processing Requirements for the Purposes of 
Numerical Weather Prediction, Joseph Smagorinsky, 
United States Weather Bureau 


Methods Used to Improve Reliability in Military 


Electronics Equipment. L. D. Whitelock, Bureau of 
Ships 


Digital Computers for Linear, Real-Time Control 


Systems. Ralph B. Conn, Jet Propeller Laboratory, 
California Institute of Technology 
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Wednesday, December 9 


Morning 


Reliability Experience on the OARAC. Robert W. 
House, Wright-Patterson Air Force Base 


Operating Experience With the Los Alamos 701. 
‘ Willard G. Bouricius, Los Alamos Scientific Laboratory 


Acceptance Tests for the Raytheon Hurricane Com- 


puter. Professor Francis J. Murray, Columbia Uni- 
versity 


Reliability of a Large REAC Installation. Bernard D. 
. Loveman, Reeves Instrument Corporation 


National Bureau of Standards Performance Tests. 
_ S. N. Alexander, R. D. Elbourn, National Bureau of 
_ Standards 


_ Experience on the Air Force UNIVAC. Robert Kopp, 
_ Headquarters, United States Air Force 


_ Afternoon 


‘Electron Tube and Crystal Diode Experience in 
Computing Equipment. J. A. Goetz, H. J. Geisler, 
International Business Machines Corporation 


Reliability and Performance of the ILLIAC Electro- 
static Memory. Joseph M. Wier, University of Illinois 


‘Electron Tube Performance in Some Typical Military 
Environments. D. W. Sharp, Aeronautical Radio Inc. 


Thursday, December 10 


Morning 


SEAC—Review of 3 Years of Operation. R. A. 
Kirsch, P. D. Shupe, Jr., National Bureau of Standards 


-A Review of ORDVAC Operating Experience. 
Charles R. Williams, Ballistic Research Laboratory 


Some Remarks on Logical Design and Programming 
Checks. Herman H. Goldstine, The Institute for Ad- 
vanced Study 


The Advantages of Built-in Checking. John W. 
Mauchly, Remington Rand, Inc. 


Recent Progress in the Production of Error-Free 
Magnetic Computer Tape. W. W. Wetzel, Minnesota 
Mining and Manufacturing Company 


Afternoon 


Reliability of Electrolytic Capacitors in Computers. 
Mark VanBuskirk, P. R. Mallory and Company, Inc. 


A Method of Reliability Specification and Its Applica- 
tion to Transistors. WW. J. Pientenpol, Bell Telephone 
Laboratories 


Case Histories in Resistor Reliability. Jesse Marsten, 
International Resistance Company 


The MIT Magnetic-Core Memory. William N. 
Papian, Massachusetts Institute of Technology 


_————— Ee 


Discussion of these papers will occur both 
in the sessions themselves and in additional 
sessions to be held solely for the purpose of 
discussing topics of unusual interest. Miss 
Margaret Fox, vice-chairman for inspection 
trips, has completed arrangements for visits 
to various computer installations in the 
Washington area. All registrants will have 
the opportunity to indicate which inspection 
trips they prefer to make. 

L. D. Whitelock, vice-chairman for exhibits, 
has prepared an unusual arrangement for 
demonstrators at the Statler Hotel. A 
unique feature of this arrangement provides 
a large uncongested area so that all parties 
will be able to view exhibits specially ar- 
ranged by outstanding manufacturers. 
Several of the latest developed components 
will make their initial appearance at this 
Joint Computer Conference. 

Preliminary announcements have been 
mailed to all members of the sponsoring 
organizations. The final program and 
applications for reservations now are being 
processed for the same mailing list. In- 
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terested parties who are not members of 
any one of the three sponsoring organiza- 
tions may request the final program and 
reservation application from L. R. Johnson, 
2018 Sycamore Drive, Falls Church, Va. 


COMMITTEE 
A-GTEV RE LES 


Editor’s Note: This department has been created 
for the convenience of the various AIEE technical 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Head- 
quarters, 33 West 39th Street, New York 18, N. Y. 


General Applications Division 


Committee on Domestic and Commercial 
Applications (7. C. Johnson, Chairman; 
H. F. Hoebel, Vice-Chairman; J. H. T. Miller, 
Secretary). Developments in heat pumps 
and electric space heating, domestic ap- 
pliances, and farm electrification all will be 
the subjects of technical sessions at General 
meetings or at special technical conferences 
sponsored by the respective subcommittees 
during the coming year. 

The steadily increasing interest in heat 
pumps and the related uses of electricity 
for the home will be covered by technical 
sessions at the 1953 Winter General Meeting 
in New York, N. Y., and the 1954 Summer 
and Pacific General Meeting in Los Angeles, 
Calif. ‘The scope of this field, which also 
includes the rapidly growing business of 
domestic air conditioning, is such that 
subcommittees have been organized to 
operate actively on both the East and West 
Coasts. 

The fifth Appliances Technical Conference 
will be held in Chicago, Ill., May 17-19, 
1954, carrying on the very successful con- 
ferences of previous years. This series of 
conferences has covered a large range of 
subjects on appliance design, development, 
and application which are of value to many 
people who are not normally involved in the 
other aspects of the engineering field. 

As developments in farm electrification 
have been making progress also, a special 
technical conference is being planned to 
consider the situation. As this will be the 
first such conference sponsored solely by 
AIEE (the last conference was held jointly 
with the National Farm Electrification 
Conference, now discontinued) suggestions 
and encouragement from AIEE members 
will be welcome. 


Industry Division 


Committee on Industrial Power Systems 
(S. A. Warner, Chairman; R. H. Whaley, 
Vice-Chairman; R. T. Woodruff, Secretary). 
This committee now is starting its considera- 
tion of needs and possibilities of sessions for 
the General meetings 1 year in advance of 
the meetings. One member of the com- 
mittee accepts the responsibility of sponsor- 
ship of a session and, with the help of other 
members geographically situated to the 
meeting location, develops the session in 
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all its detail. The session at the Kansas 
City meeting thus was sponsored and 
developed by D. M. Allison of Tulsa, Okla. 
The session for the Winter General Meeting 
on grounding in industrial plants, associated 
with active subcommittee work on this 
subject, is being developed by D. L. Beeman 
of Schenectady, N. Y. A session for the 
Summer and Pacific General Meeting in 
Los Angeles, Calif., is being developed by 
F. M. Dorey of Los Angeles, with the as- 
sistance of other committee members in 
the North West and Pacific Districts. 


One of the most important activities of 
the subcommittees is the revision of the 
Red Book, officially known as the ‘‘Special 


-Publication—Electric Power Distribution for 


Industrial Plants.’ The Red Book was 
published about 10 years ago and approxi- 
mately 20,000 copies were sold. Develop- 
ments since its publication require that 
much of the information be revised and 
expanded. During the past year, under 
the subcommittee chairmanship of R. R. 
Nissley of New York, N. Y., working groups 
were established for each of the 11 chapters 
to comprise the proposed new publication. 
Every effort is being made to have the 
material ready for printing before the end 
of this administrative year. 


Committee on Industrial Control (H. L. 
Palmer, Chairman; L. H. Matthias, Vice- 
Chairman; J. W. Picking, Secretary). The 
Committee on Industrial Control has been 
organized with 39 members, with the 
following subcommittees. 


The Subcommittee on Test Codes has finished 
a proposal which now is being studied by 
the membership of the main committee. 
This code is divided into five sections: 


1. Procedures for Conducting Continuous- and 8- 
Hour-Duty Temperature-Rise Tests on A-C and D-C 
Controllers. 


2. Procedures for Conducting Temperature-Rise 
Tests on Resistors, Rheostats, and Their Assemblies. 


3. Test Procedures for A-C and D-C Magnetic 
Contactors. 


4. Test Procedures for A-C Magnetic Controllers. 
5. Test Procedures for D-C Magnetic Controllers. 


At the completion of this review, these 
test codes will be published and made 
available for general use. 


The Subcommittee on Standards has fin- 
ished a review and revision of ‘“‘Defini- 
tions of Electrical Terms” covered by ASA 
Standard C42. Considerable work has 
been done on a review and revision of the 
graphical symbols and this project is prac- 
tically complete. The next assignment of 
this subcommittee is to study AIEE Standard 
Number 75 on control apparatus and work 
will start on this project during the next 
year. 


The Subcommittee on Bibliography has 
finished a very complete bibliography on 
control subjects. ‘Their latest contribution 
is Part 3 on feedback control, which was 
prepared jointly with a similar subcommittee 
of the Committee on Feedback Control 
Systems. These bibliographies have been 
published and can be obtained from AITEE 
Headquarters. 


The Subcommittee on Electronic Control has 
been divided into working groups covering 
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various phases of this very broad subject. 
Their efforts have been directed towards 
preparation of definitions and terminology. 
Some of the efforts of this subcommittee 
have been included in the latest revision of 
ASA Standard C42 on definitions; however, 
there is still much work to be done. 


The Subcommittee on Feedback Controls has 
been serving as a liaison between the Com- 
mittee on Industrial Control and the Com- 
mittee on Feedback Control Systems. Their 
work at the present time has been limited 
to the co-ordination of the preparation of 
terms and definitions used in feedback 
control systems. 


A Subcommittee on Prize Paper Awards has 
been established also. 

The scope of the Committee on Industrial 
Control covers a very active and rapidly 
changing phase of American industry. 
There is a wealth of material to be covered 
by technical papers in this field. The 
principal participants in this activity at 
the present time are the manufacturers of 
control equipment. Much more could be 
accomplished in this committee if it could 
obtain greater participation by the users 
of the equipment. The committee thus will 
exert considerable effort during the next 
2 years to try to encourage user participation 
on committees and in the technical sessions. 


Power Division 


Committee on Carrier Current (5S. C. 
Leyland, Chairman; L. G. Eaton, Vice-Chair- 
man, East; L. E. Ludekens, Vice-Chairman, 
West; H. W. Lensner, Secretary). A successful 
Symposium on Microwave and Carrier 
Current sponsored by the committee was 
held at the 1953 Pacific General Meeting 
in Vancouver, Canada. ‘The all-day session 
was well attended, and much interest was 
shown in two committee reports which were 
presented. The morning session was on 
microwave, and the highlights of a report 
on ‘‘Installation and Operating Experience 
of Microwave for Power Systems’ served 
as a basis for discussion. Particular interest 
was shown in the question of emergency 
power supplies for microwave installation. 

The afternoon session started with a brief 
presentation of another report, ‘‘Application 
Guide for Power-Line Carrier,’ which was 
concerned primarily with channel charac- 
teristics and line-coupling practice rather 
than terminal equipment. ‘The discussion 
which followed covered a variety of subjects, 
including coupling methods, use of line 
traps, line noise, and methods of measure- 
ment. 

A full committee meeting was held recently 
in New York, N. Y., at which time plans 
for the 1954 Winter General Meeting were 
completed. The Carrier Current Com- 
mittee also is planning to sponsor technical 
sessions at the 1954 Summer and Fall 
General Meetings. 


Committee on Insulated Conductors (MM. 
H. McGrath, Chairman; M. W. Ghen, Vice- 
Chairman; L. E. Fogg, Secretary). The 
organization of the Committee on Insulated 
Conductors has been completed for the 
administrative year 1953-54. ‘There are 
110 members and subcommittee members. 
In addition to the 12 subcommittees under 
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which the activities of this committee have 
been carried on in the past, a new sub- 
committee, Number 73, European Practice, 
has been formed under the chairmanship 
of L. I. Komives to cover new, novel, or 
unusual European development, practice, 
or experience on matters coming within the 
scope of the committee, and to promote 
the participation and co-operation of Euro- 
pean engineers in the activities of the com- 
mittee. The personnel of the new sub- 
committee includes representation from such 
countries as Denmark, France, Germany, 
Great Britain, Italy, Holland, Sweden, 
and Switzerland. 


An AIEE Special Publication on insulated 
aluminum conductors, containing ten con- 
ference papers which were presented at the 
1952 Fall General Meeting under the joint 
sponsorship of the Committees on Insulated 
Conductors and Industrial Power Systems, 
became available recently. 


A 2-day meeting of the committee con- 
sisting of individual meetings of the various 
subcommittees on the first day and a general 
meeting of the entire committee on the 
second day were held in New York, N. Y., 
on November 17-18, 1953. 


Committee on Switchgear (R. L. Webb, 
Chairman; J. D. Wood, Vice-Chairman; J. M. 
Geiger, Secretary). The Switchgear Com- 
mittee held its first meeting of the present 
administrative year in Kansas City on 
October 31, 1953. The committee is 
organized this year with 55 members and 
5 subcommittees. 


The outstanding jobs being actively 
followed by the subcommittees are as follows: 


Power Circuit Breaker Subcommittee = 
1. New basis for rating power circuit 
breakers. ‘This work is nearing completion 
and a report will be made to the Winter 
General Meeting of the Institute. / 
2. Study of single-phase interrupting 
ability of power circuit breakers. 
3. Circuit breaker performance on | 
charging current interruption. 
4. High-voltage circuit-breaker derating 
factors for reclosing duties. .« 


Switchgear Assemblies Subcommittee 7 

1. A report on the application anc 
operation of outdoor metal-clad switchge 
is approaching completion. It gives recom- 
mendations for operation to avoid excessive 
temperatures, due to solar heating. This 
report is expected to be ready for presenta- 
tion at the Winter General Meeting. 
Automatic Circuit Recloser Subcommittee 

1. Preparation of AIEE Standard Num- 
ber 50 for submission to American Standards" 
Association. 

2. Standards for line sectionalizers. 


> 


Low-Voltage Air Circuit Breaker Subcommittee 
1. Preparation of a guide for the cal- 
culation of short-circuit currents in d-c 
systems. 
2. Preparation of a Standard on molded- 
case air circuit breakers. 


Switches, Fuses, and Insulator Subcommittee 

1. Preparation of a guide for ice testing 
of disconnecting switches. 

2. Preparation of a guide for the opera- 
tion and maintenance of fuses and switches. 

3. Preparation of a Standard for fuses, 
600 volts and below. 

4. Preparation of AIEE Standards 
Numbers 22 and 235 for submission to 
American Standards Association. 


AIEE FELLOWS ELECTED.. 


Board of Directors Meeting, September 3, 1953 


Edward F. W. Beck (M °35), section 
manager, Westinghouse Electric Corpora- 
tion, East Pittsburgh, Pa., has been trans- 
ferred to the grade of Fellow in the AIEE 
‘for outstanding contributions in the de- 
velopment of lightning arresters and in the 
science of protecting electric apparatus from 
damage by lightning voltage.” Mr. Beck 
was born in New York, N. Y., May 24, 


Edward F. W. Beck 
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1895, and graduated from Columbia Uni- 
versity in 1917 with a degree in electrical 
engineering. After a period with the 
Sperry Gyroscope Company, Brooklyn, 
N. Y.; General Electric Company, Schenec- 
tady, N. Y.; and Western Electric Com- 
pany, New York, N. Y., he joined Westing- 
house Electric Corporation, East Pittsburgh, 
Pa., in 1922 as a design engineer working on 
small rectifiers. In 1925 he began doing 
development and design work on lightning 
arresters for Westinghouse, becoming section 
manager, Lightning Arrester Engineering, 
responsible for research and development 
of equipment. From 1935 to 1937 he was 
chief engineer with Westinghouse X-Ray 
Company, Long Island City, N. Y. He 
returned to East Pittsburgh in 1938 as 
development engineer, lightning arresters, 
responsible for field research, design, and 
development of new distribution lightning 
arresters. Since 1941 he has been section 
manager, Lightning Arrester Engineering, 
responsible for research, development, de- 
sign, and construction of lightning arresters, 
surge generators, and cathode-ray oscillo- 
graphs. Mr. Beck has done much to im- 
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_ prove the reliability of the distribution-type 

arrester and also has played an important 
_ part in the collection of field data on light- 
_ ning currents and the current discharge by 
lightning arresters. He is continuing his 
activity in the arrester field by the develop- 
ment of new mechanical constructions of 
high-voltage arresters. Mr. Beck is a 
member of Sigma Xi and the Franklin 
Institute. 


Clifford H. Cramer (AM °’27, M °34), 
assistant transmission research engineer, 
_ The Western Union Telegraph Company, 
New York, N. Y., has been transferred to 
the grade of Fellow in the AIEE ‘‘for out- 
standing contributions to the ocean cable 
transmission arts and specifically for directing 
the development and design of electronic 
undersea repeaters.”? Mr. Cramer was born 
on August 24, 1895, in Cramer, Pa., and 
graduated from the University of Michigan 
in 1918 with a bachelor of science degree in 
electrical engineering. He joined Western 
Union that year as an engineering assistant. 
In 1921 he became research group leader 
responsible for development and design 
of disturbance mitigating devices, including 
land-line telegraphy and _ voice-frequency 
carrier; development and design of signal- 
shaping networks; duplexing equipment; 
and electronic terminal equipment for ocean 
cables. He was made assistant research 
engineer in 1934, being second-in-charge 
of a wide variety of research activities 
including the development of voice-fre- 
quency carrier telegraph systems; wire-line 
transposition systems; network develop- 
ment, and related coil and magnetic ma- 
terials research; and studies of sun spot and 
earth potential phenomena. During this 
time, Mr. Cramer also supervised a special- 
ized group of research and development 
workers engaged exclusively on ocean cable 
developments. He was appointed to his 
present position in 1940 and is second-in- 
charge of the direction of transmission 
research workers. Additional projects under 
his direction have included frequency 
modulation in telegraphy; high-frequency 
carrier development; multiplexing of micro- 
wave relay systems, including work on time- 
division multiplexing. Mr. Cramer has 
been responsible for the first application of 
undersea telegraph repeaters in trans- 
atlantic cables. He has served on the AIEE 
Committee on Communication (1947-48). 


Otis T. Farry (AM °29, M 40), supervisor 
of power transformer engineering, Wagner 
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Electric Corporation, St. Louis, Mo., has 
been transferred to the grade of Fellow in 
the AIEE “‘for original work in the develop- 
ment and design of power transformers, 
unit substations, and their accessories.” 
Mr. Farry was born in Browning, Mo., 
August 11, 1901, and graduated from 
Central College in 1924. He started with 
Wagner Electric in 1925 as a student engi- 
neer in the Large Motor Engineering Depart- 
ment. In 1927 he became an engineer in 
the Distribution and Power ‘Transformer 
Department. Since 1942 he has been super- 
visor of power transformer engineering. 
During this period he supervised the design 
of power transformers including oil-filled 
types 500 to 40,000 kva, noninflammable 
liquid-filled types 500 to 5,000 kva, and dry 
types 100 to 2,500 kva. The major part of 
his work has been concerned with the 
building of standard transformer equipment 
for the electrical industry and large users of 
electric power. He has developed testing 
equipment. One example is a circuit for 
3-phase impedance and excitation tests that 
has advantages in accuracy of reading. 
From 1944 to 1951 he designed industrial 
substations which were factory assembled 
and tested, providing for easy installation 
in the field. These industrial substations 
generally included a high-voltage interrupter 
switch of 5- to 15-kv class, a transformer 
and low-voltage switchgear of 600-volt class, 
and suitable interlocks to prevent improper 
operation of the switches. Mr. Farry also 
has developed transpositions for transformer 
windings resulting in cost savings and 
reduced space requirements; space-saving 
arrangements for the application of cooling 
coils to power transformers; and winding 
temperature indicators and _ relays. Mr. 
Farry is a past chairman of the St. Louis 
Section of the AIEE. 


John D. Ferguson (M °24), managing direc- 
tor, MacEntee and Ferguson Ltd., Engineers, 
Dublin, Ireland, has been transferred to 
the grade of Fellow in the AIEE ‘‘for 
executive leadership and engineering con- 
tributions to the development of electric 
communication in the Republic of Ireland.” 
Mr. Ferguson was born on May 26, 1891, 
in Belfast, Ireland, and received his bachelor 
of science degree in engineering from 
London University in 1920. He had pre- 
viously had practical training as wireman, 
assistant electrician, and instrument me- 
chanic in the Post Office Engineering De- 
partment, Belfast, becoming inspector in 
control of telephone exchanges and super- 
visor of the engineering staff in 1919. In 
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1921 he became chief inspector, Post Office 
Research Station, Dollis Hill, London, 
England, doing work on research of a general 
character. He joined the Department of 
Posts and Telegraphs, Dublin, in 1923 as 
assistant engineer, becoming assistant staff 
engineer, Power and Wireless Section, in 
1925. He had full responsibility for design 
of lighting and heating installations, cleva- 
tors, letter conveyors, telegram conveyors, 
electric clock, and time-signalling equip- 
ment. In 1930 he became staff engineer in 
charge of the power section. His responsi- 
bility included in addition to previous duties, 
co-ordination of power and communication 
circuits; preparation of specifications for 
Post Office engineering stores and apparatus; 
testing and acceptance of engineering appa- 
ratus and stores ordered under contract; 
private-wire teleprinter circuits; fire alarm 


circuits; and railway block signalling 
equipment and circuits. He became staff 
engineer, Broadcasting Section, in 1949 


working on broadcast transmitters, medium- 
and short-wave equipment, and _ studio 
equipment. He retired in 1951 to take a 
position as commercial engineer and tech- 
nical and industrial advisor in private 
business. Mr. Ferguson is a member of the 
Institution of Electrical Engineers, Great 
Britain, having served as chairman of the 
Irish Branch and now as local honorary 
secretary, and the Institute of Radio Engi- 
neers. 


Albert P. Godsho (AM °16, M °22, Member 
for Life), engineer of transmission and pro- 
tection, The Bell Telephone Company of 
Pennsylvania, Philadelphia, has been trans- 
ferred to the grade of Fellow in the AIEE 
“for distinguished service in contributing 
significantly to the high standard of per- 
formance of the telephone and radio facilities 
serving an important area of the nation.” 
Mr. Godsho was born in Philadelphia, Pa., 
July 29, 1894, and graduated from the 
University of Pennsylvania in 1914 with a 
bachelor of science degree in electrical 
engineering. He joined The Bell Telephone 
Company of Pennsylvania after graduation 
as an engineering assistant, first handling 
routine outside plant engineering problems 
and then being engaged on toll cable, 
interoffice trunk cable, and loading studies, 
both from a technical design standpoint 
and from the standpoint of making cost 
analyses preparatory to choosing one from a 
number of plans. In 1921 he became as- 
sistant engineer of transmission, assigned to 
general supervision of design of toll and 
interoffice trunk cable. He became engineer 
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of transmission and protection in 1926 re- 
sponsible for all transmission and protection 
engineering for the city of Philadelphia. 
The territory involved was enlarged subse- 
quently, today comprising not only Phila- 
delphia but also adjacent counties in Penn- 
sylvania and the State of Delaware. Mr. 
Godsho’s responsibilities cover toll and trunk 
cable design; inductive co-ordination; pro- 
tection against power and lightning ex- 
posures; design of off-premises extension 
stations; foreign exchange lines, tie lines, 
program circuits, and other miscellaneous 
uses of the telephone plant; loop and 
trunk studies to determine the distribution 
of transmission losses as affected by improved 
station equipment; higher cutoff loading 
systems; finer wire cables; traffic operating 
methods; and radio communication engi- 
neering, including coastal harbor, mobile, 
radio relay, and program, both audio and 
television. Mr. Godsho has served on the 
AIEE Committees on Electronics (1945- 
47) and Wire Communications Systems 
(1952-53) and is a member of the Institute 
of Radio Engineers and the Acoustical 
Society of America. 


Glen Ireland (M ’31), vice-president, Per- 
sonnel Department, Pacific Telephone and 
Telegraph Company, San Francisco, Calif., 
has been transferred to the grade of Fellow 
in the AIEE “‘for outstanding contributions 
in the planning and basic design of the 
nationwide telephone system, in particular 
the transmission and switching aspects of 
long distance service.’ Mr. Ireland was 
born in Independence, Iowa, September 4, 
1895, and graduated from the University of 
Iowa in 1917 with a bachelor of science 
degree in electrical engineering. After 2 
years in the United States Army as an 
officer, he was associated with Northwestern 
Bell Telephone Company, Des Moines, 
Iowa, for 3 years. From 1923 until 1946 
he was with the Department of Operation 
and Engineering, American Telephone and 
Telegraph Company, New York, N. Y. 
Among the many important jobs for which 
he was responsible during this period was 
the engineering study directed to the intro- 
duction of the general toll switching plan. 
Mr. Ireland also was involved in studies on 
the development and application of cable 
networks and with the initial installations of 
coaxial cable and type L carrier system. 
He carried out technical studies of the 
transmission designs to be used in the 
number 4 toll crossbar systems which played 
an important part in the decision to use 
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4-wire switching. He became vice-president 
of the Pacific Telephone and Telegraph 
Company, San Francisco, in charge of rate 
and regulatory matters in 1947. He was 
responsible for the preparation of all ma- 
terial presented in cases for increased 
telephone rates before the Public Utilities 
Commissions in five western states. In 
1949 he became vice-president and general 
manager of the Northern California and 
Nevada Area. In 1950 he was appointed 
assistant to the administrator of the National 
Production Authority, Washington, D. C., 
and was promoted to deputy administrator 
in 1951. Later that year he returned to 
Pacific Telephone and Telegraph and soon 
was assigned as vice-president, Personnel 
Department. Mr. Ireland is a member of 
Sigma Xi and Tau Beta Pi and has served 
on the AIEE Committee on Education 
(1939-40). 


David W. McLenegan (AM °’24, M °31), 
manager, technical personnel and educa- 
tion, Nucleonics Division, General Electric 
Company, Richland, Wash., has been 
transferred to the grade of Fellow in the 
AIEE ‘“‘for important developments and 
contributions in air conditioning, aircraft 
heat exchangers, transformer cooling, and 
heat pumps.” Mr. McLenegan was born in 


Milwaukee, Wis., June’ 30, 1900, and 
graduated from the University of Wisconsin 
in 1921 with a bachelor of science degree 
in mechanical engineering. After teaching 
for a year, he joined the General Electric 
Company in Schenectady, N. Y., as a re-— 
search assistant and later as an application © 
engineer, Industrial Engineering Depart- — 
ment. During this time he developed and — 
tested turbine shaft packings; investigated 
shaft vibrations; studied synchronizing 
problems; developed resynchronizing con-— 
trols for large synchronous motors; and 
developed and conducted an application — 
engineering training course for junior 
engineers. When the Air Conditioning 
Department was formed in 1932 he joined 
it as assistant commercial engineer. He 
remained with the department until 1948, 
holding various engineering positions. His 
major contributions during this period 
included studies of power generation and 
control for railway car air-conditioning 
systems; developments in electric-driven 
heat pumps, including use of various heat 
sources, use of heat storage, and capacity 
modulation to improve load characteristics ; 
development of a new type of air-to-air 
heat exchangers for military aircraft; de- 
velopment of compact cooling for large 
power transformers and rectifiers; analysis 
of new electric heat pump systems, using 
heat storage with multiple-effect compres- 
sion. He was also responsible for appraisal 
of engineering personnel needs, recruiting, 
and placement of engineering personnel for 
the department. Since 1948 he has been 
manager of technical personnel and educa- 
tion for the Nucleonics Division, Richland, 
responsible for appraisal of all scientific 
and engineering personnel needs, selection, 
and recruitment; and development and 
conduct of graduate-level program of 
scientific and engineering education. Mr. 
McLenegan is a member of the American 
Society for Engineering Education, the 
American Institute of Chemical Engineers, 
and The American Society of Mechanical 
Engineers. He has served on the AIEE 
Committee on Education (1951-53). 


AIEE PERSONALITIES..... 


N. S. Hibshman (AM ’27, F ’41), Assistant 
Secretary, AIEE, New York, N. Y., was 
elected secretary of Engineers’ Council for 
Professional Development (ECPD) at the 
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ECPD Annual Meeting recently for the 
year 1953-54. ECPD is a federation of 
eight engineering societies, each of which has 
three representatives on the council. The 
secretaryship is rotated on a year-to-year 
basis among five of the constituent societies 
which have headquarters in New York City. 
Mr. Hibshman succeeds C. E. Davies, Secre- 
tary of the ASME, who served as secretary 
of the council last year. S. L. Tyler, 
secretary of the AIChE, was elected 
assistant secretary of the council, with the 
view toward succeeding Mr. Hibshman at 
the conclusion of his term of office one year 
hence. 


M. D. Hooven (AM °24, F 44), electrical 
engineer, Public Service Electric and Gas 
Company, Newark, N. J., was elected 
vice-chairman of Engineers’ Council for 
Professional Development (ECPD) at the 
ECPD Annual Meeting recently. Mr. 
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_'Hooven previously had been appointed an 
_ ECPD representative by the AIEE Board of 
' Directors. Mr. Hooven was born on May 
30, 1897, in Weatherly, Pa., and was gradu- 
ated from Bucknell University in 1920. After 
‘a year in the employ of the Westinghouse 
Electric Corporation, he became manager 
of the radio’ department of the Robbins 
Electric Company, Pittsburgh, Pa. He be- 
came associated with the Public Service 
Electric Company in 1922 as one of a group 
_ engaged in the planning and design of the 
132-kv system. He handled assignments in 
transmission and substation work, receiving 
‘the title of assistant transmission and sub- 
station engineer in 1939. Since 1942 he has 
held the position of electrical engineer in the 
electrical engineering department. Mr. 
Hooven is a member of the Institute of Radio 
Engineers and the National Society of Pro- 
fessional Engineers. He is serving as Vice- 
President, District 3, of the Institute, and 
has served previously as director (1948-52), 
and on the following committees: Technical 
Program, Board of Directors, Planning and 
Co-ordination, Institute Publicity, Award of 
Institute Prizes, Board of Examiners, Edison 
Medal, Finance, Technical Operations, 
Executive, Publication, and Public Relations. 


D. D. Ewing (AM ’11, F’21, Member for 
Life), head, School of Electrical Engineering, 
Purdue University, Lafayette, Ind., has been 
appointed by the AIEE Board of Directors 
to serve as an AIEE representative on Engi- 
neers’ Council for Professional Development. 
Dr. Ewing was born on October 7, 1883, 
and was graduated from Ohio Northern 
University in 1905. In 1907 he became an 
instructor in electrical and mechanical engi- 
neering there. In 1912 he entered Purdue 
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University as a graduate student and a year 
later was appointed assistant professor of 
electrical engineering. He was appointed 
associate professor in 1916 and professor in 
1918. He became head of the School of 
Electrical Engineering in 1942. In 1936 he 
received an honorary degree of doctor of 
engineering from Ohio Northern University. 
Dr. Ewing is a Director of the Institute and 
has served on the following AIEE committees: 
Electric Welding, Power Transmission and 
Distribution, Land Transportation, Code of 
Principles of Professional Conduct, Volta 
Scholarship Trustee, Edison Medal, Student 
Branches, Constitution and Bylaws, and 
Hoover Medal Board of Award. Dr. Ewing 
is a member of the American Society for 
Engineering Education, Tau Beta Pi, Eta 
Kappa Nu, and Sigma Xi. 


R. H. Barclay (AM. 14, F ’?28, Member for 
Life), vice-president in charge of engineering, 
J. G. White Engineering Corporation, New 
York, N. Y., has been appointed by the 
AIEE Board of Directors to serve as an 
AIEE representative on Engineers’ Council 
for Professional Development. Mr. Barclay 
was born in St. Louis, Mo., August 10, 1887, 
and attended Washington University. He 
spent the early part of his career working for 
electrical companies in Missouri. Coming 
to New York, he joined the Brooklyn-Man- 
hattan Transit Corporation in 1915 as assist- 
ant electrical engineer. From 1917 to 1922 
he was chief electrical engineer for The 
Foundation Company, New York, N. Y. 
After associations with Starrett and Van 
Vleck, Architects, New York, N. Y., the 
Stone and Webster Corporation, Boston, 
Mass., and McClelland Barclay Art Prod- 
ucts Inc., New York, N. Y., he was ap- 
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pointed to the Federal Power Commission 
in 1934, He joined J. G. White in 1941 as 
electrical engineer in charge of the electrical 
engineering department. He became engi- 
neering manager in 1950 and vice-president 
in charge of engineering in 1953. Mr. Bar- 
clay is serving on the AIEE Board of Exam- 
iners and previously has served on the Marine 
Committee. 


W. D. Coolidge (AM 10, M’34, Member 
for Life), consultant, General Electric Com- 
pany, Schenectady, N. Y., was honored on 
his 80th birthday recently for his achieve- 
ments in X-ray technology, powder metal- 
lurgy, lighting, and industrial cutting tools 
by his friends and associates and four Gen- 
eral Electric departments. Dr. Coolidge, 
former vice-president and director of research 
for the General Electric Company, is noted 
chiefly for his discovery in 1908 of a means 
of making tungsten into a pliable metal 
which could be used in lamp filaments, radio 
tubes, X-ray tubes, and many other places. 
He was born in Hudson, Mass., October 23, 
1873, and received a bachelor of science de- 
gree in electrical engineering in 1896 and a 
doctor of philosophy degree from the Uni- 
versity of Leipzig (Germany) in 1899. Dr. 
Coolidge joined the General Electric Re- 
search Laboratory in 1905 and 3 years later 
was made assistant director of the laboratory. 
He became director of the laboratory in 
1932 and remained as vice-president of the 
company and director of research until his 
retirement in 1944. Since his retirement Dr. 
Coolidge has been consultant in X rays for 
the laboratory. He holds seven honorary 
degrees from various universities and is the 
winner of many awards including the Edison 
Medal (1927), and the Washington Award 
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(1932). He served the AIEE on the Electro- 
physics and Edison Medal Committees. 


O. W. Titus (AM ’29, F ’44), vice-president 
and general manager, Canada Wire and 
Cable Company, Ltd., Toronto, Ontario, 
Canada, has been elected president of the 
Canadian Electrical Manufacturers Asso- 
ciation for 1953-54. Mr. Titus was born in 
Weston, Ontario, and graduated from the 
University of Toronto. He began his career 
as sales engineer for the Standard Under- 
ground Cable Company of Canada, Ltd., a 
predecessor of the Canada Wire and Cable 
Company. In 1929 he became cable engi- 
neer for the company and in 1935 was made 
chief electrical engineer in charge of all de- 
sign and development engineering for all 
classes of power cable. Mr. Titus is a mem- 
ber of the Engineering Institute of Canada 
and the Association of Professional Engineers 
of Ontario. He has served on the following 
AIEE committees: Technical Program, 
Public Relations, Power Transmission and 
Distribution, and Insulated Conductors. 


G. C. Newton, Jr. (AM *42, M751), asso- 
ciate director, Servomechanism Laboratory, 
Massachusetts Institute of Technology, Cam- 
bridge, was awarded the Louis E. Levy 
Medal by the Franklin Institute for his paper 
‘‘Compensation of Feedback Control Sys- 
tems.” Dr. Newton was born in Milwaukee, 
Wis., in 1919 and graduated in 1941 from 
Massachusetts Institute of Technology with 
a bachelor of science degree. He received a 
doctor of science degree in electrical engi- 
neering in 1950. Dr. Newton became an 
instructor in electrical engineering at Massa- 
chusetts Institute of Technology in 1946, 
assistant professor in 1949, and associate 
professor in 1952, a position he still holds. 
In addition to his teaching and laboratory 
work, Dr. Newton carries on a consulting 
practice in the field of automatic control. 
He also has served as an engineer of the 
York Safe and Lock Company and as project 
engineer of the Sperry Gyroscope Company. 
He is a member of the Institute of Radio 
Engineers. 


H. T. Faus (AM ’24, F °52), consulting 
engineer, Meter and Instrument Depart- 
ment, General Electric Company, Lynn, 
Mass., has been awarded his 50th United 
States patent. Through his inventions Mr. 
Faus has advanced the art in nearly all 
Meter and Instrument Department product 
lines. In addition, he made advances in 
sound recording and reproducing systems 
and high-frequency magnetic circuits used 
by the Electronics Division and in electro- 
cardiograph recorders used by X_ ray. 
Mr. Faus has been with General Electric 
since 1922, with all but the first year on test 
spent in the Meter and Instrument De- 
partment. 


G. L. Jones (AM ’52) and T. J. Lisy (AM 
*52) have been assigned to the Newark, 
N. J., and Pittsburgh, Pa., sales offices, 
respectively, of the Reliance Electric and 
Engineering Company. Mr. Jones joined 
Reliance 3 years ago following graduation 
with a bachelor of science degree in electrical 
engineering from Lehigh University. Since 
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then he has been assigned to sales and 
engineering work at the company’s home 
offices in Cleveland, Ohio. A native of 
Cleveland, Mr. Lisy joined Reliance earlier 
this year with 4 years of electrical engineer- 
ing experience in industrial and municipal 
assignments. He is a graduate of Case 
Institute of Technology and also holds a 
masters degree in business administration 
from Western Reserve University. 


R. G. Dobbin (AM ’46), motor consultant, 
International General Electric Company, 
Schenectady, N. Y., and Brazil, has joined 
the commercial motor section of Jack and 
Heintz, Inc., Cleveland, Ohio, as design 
engineer. Mr. Dobbin holds a bachelor of 
science degree in electrical engineering from 
the Milwaukee School of Engineering and is 
registered as a professional engineer in 
Indiana. For more than 10 years he served 
as a designer of fractional-horsepower motors 
with General Electric. 


H. C. Frost (AM ’35), head, engineering 
planning, Corn Products Refining Com- 
pany, Chicago, IIll., has been appointed 
assistant chief engineer. Mr. Frost received 
his bachelor of science degree in electrical 
engineering from the University of Toledo. 
Before joining Corn Products in 1945 Mr. 
Frost was with Leeds and Northrup. He is 
a member of the Instrument Society of 
America. 


B. R. Lester (AM 42), section engineer, 
and J. P. Jordon (AM ’42, M ’52), section 
head, Electronics Laboratory, General Elec- 
tric Company, Syracuse, N. Y., have been 
named manager of advanced products 
development engineering and manager of 
components development engineering, re- 
spectively, in the expanded Electronics 
Laboratory. Mr. Jordan has served on the 
AIEE Committee on Electronics (1945-47, 
1952-53) 


Nasiruddin (AM ’53), engineer, Depart- 
ment of Water and Power of the City of 
Los Angeles, Calif., has returned to India 
to his position as a member of the faculty of 
the Muslin University of Aligarh, India. 
Mr. Nasiruddin came to the United States 
upon the invitation of the Los Angeles 
Department of Water and Power to observe 
the operation of Hoover Dam and Los 
Angeles Water and Power projects in 1949. 
While in Los Angeles he obtained the degree 
of bachelor of electrical engineering from 
the University of Southern California. 


H. R. Wilson (AM ’47), sales representative, 
Allis-Chalmers Manufacturing Company, 
Indianapolis (Ind.) district office, has been 
named manager of the company’s Rockford, 
Ill., branch office. A graduate electrical 
engineer of Rose Polytechnic Institute, Mr. 
Wilson has been associated with Allis- 
Chalmers since 1947. 


A. M. Rothman (AM ’50), electrical engi- 
neer, Morganite, Inc., Long Island City, 
N. Y., has been appointed district sales 
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engineer for American Silver Company, 
Inc., Flushing, N. Y. Mr. Rothman holds 
a bachelor of electrical engineering degree 
from the College of the City of New York. © 


J. T. Madill (AM *41, M ’48), Alumin 
Company of Canada, Ltd., Montreal, 
Quebec, Canada, has been transferred to 
Kitimat, British Columbia, where he wi 
be manager of power operations in Briti 

Columbia for Aluminum Company 
Canada, Ltd. Mr. Madill is a member 

the AIEE Committee on Power Generati 


(1947-53). 
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H. B. Reynolds (M 41, F ’47, Member for 
Life), engineer, J. G. White Engineering 
Corporation, New York, N. Y., has left the 
employ of that company and will devote his 
time to technical writing and consulting 
work. Mr. Reynolds had been associated 
with J. G. White since his retirement from 
the position of superintendent of power 
generation for the New York City Transit 
System in 1949. He has served on the AIEE 
Committee on Power Generation (1943-46). 


A. J. Wahl (AM °46), formerly major, 
United States Air Force, Wright-Patterson 
Air Force Base, Dayton, Ohio, has joined 
the staff of the Applied Physics Laboratory, 
Johns Hopkins University, Silver Spring, 
Md. Dr. Wahl is a native of Saxman, Kans., 
and received his bachelor of science degree 
in electrical engineering from the University 
of Kansas and his doctorate in electrical 
engineering from Princeton University. 


W. L. Emery (AM ’37, M °46) and H. N. 
Hayward (AM ’29), associate professors of 
electrical engineering, University of Illinois, 
Urbana, have been promoted to the rank 
of professor. L. O. Brown (AM ’51) and 
H. E. Koenig (AM °48), instructors in 
electrical engineering, have been advanced 
to assistant professor. 


OBITUARYeeee 


Walter A. Giger (AM °41, M °48), applica- 
tion engineer, Allis-Chalmers Manufacturing 
Company, Norwood, Ohio, died September 
25, 1953. Mr. Giger was born:in Zurich, 
Switzerland, December 18, 1895, and 
graduated from the Swiss Federal Institute 
of Technology in 1920 with state diploma 
as an electrical engineer. The next year 
he was employed as an engineer in the 
Traction Department, Brown Boveri Com- 
pany, Baden, Switzerland. From 1921 tc 
1923 he was an electrical engineer with the 
Grison Power Company, Chur, Switzerland. 
Following a year with the Skoda Stee: 
Works, Pilsen, Czechoslovakia, he came tc 
the United States in 1924 as a designing 
engineer, Locomotive Department, Genera. 
Electric Company, Schenectady, N. Y 
In 1925 he became associated with the 
American Brown Boveri Company, Camden 
N. J., as electric traction engineer. He 
joined Allis-Chalmers Manufacturing Com: 
pany, Milwaukee, Wis., in 1931 as electric 
traction engineer in charge of design anc 
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sale of electric and diesel-electric traction 
equipment. He returned to Switzerland in 
1937 as chief engineer and procurist, Oerli- 
kon Manufacturing Company, Zurich. In 
1942 he was made chief engineer of the 
Railway Engineering Department, Brown 
Boveri Company, Baden. He returned to 
Allis-Chalmers in 1947. Mr. Giger was 
a member of the Swiss Electrical Engineers 
Association and the Engineers Association of 
the Institute of Technology. He had 
served on the AIEE Committee on Trans- 
portation. 


Charles Lambert Kinsloe (AM ’08, M 713, 
Member for Life), retired, Pennsylvania 
_ State College, State College, died October 
_, 14, 1953. Mr. Kinsloe retired in 1944 as 
head of the Department of Electrical Engi- 
neering of the college. He was born 
October 15, 1881, in Lock Haven, Pa., and 
received his bachelor of science degree in 
_ electrical engineering from Pennsylvania 


_, State College in 1903 and the electrical 


engineering degree in 1907 from the same 
institution. Meanwhile he was a student 
engineer with Westinghouse Electric and 
Manufacturing Company (now Westing- 
house Electric Corporation), East Pittsburgh, 
Pa., an engineer with the Philadelphia 
_ Electric Company, and an instructor in 
- electrical engineering at the University of 
Pittsburgh. He came to Pennsylvania State 
College in 1907 as acting head of the Depart- 
ment of Electrical Engineering and 2 years 
later was made head of the department, 
a position he held until his retirement. Mr. 
Kinsloe was a member of Phi Kappa Phi, 
Sigma Xi, Eta Kappa Nu, and the Society 
for the Promotion of Engineering Education. 
_He had served on the AIEE Committees on 
- Production and Application of Light (1926- 
33) and Education (1927-28, 1931-35). 


Glenn Worth McCracken (AM ’22, M 
38), chief engineer, Birmingham Division, 
Alabama Power Company, died October 1, 
1953. Mr. McCracken was born in Hoxie, 
Kans., December 20, 1893, and graduated 
from Kansas State College in 1919 with a 
bachelor of science degree in electrical 
engineering. After completing the General 
Electric Test Course, he joined the General 
Electric Company of Cuba as a sales engi- 
neer. In 1921 he became associated with 
Cia. de Alumbrada y Traccion, Santiago de 
Cuba, as an electric engineer. In 1924 he 
became district manager for Cia. Cubana de 
Electricidad, Manzanillo, Cuba, becoming 
superintendent and engineer in 1925. In 
1926 he became distribution engineer for 
the Birmingham (Ala.) Electric Company. 
He became electrical engineer in 1930 and 
chief engineer in 1935, retaining this position 
when the company became a division of the 
Alabama Power Company. 


Merton Maine Cory (AM 715, M 730, 
F ’40, Member for Life), professor emeritus 
of electrical engineering, Michigan State 
College, East Lansing, died September 26, 
1953. Professor Cory had retired in 1948. 
He was born in Nashua, N. H., August 18, 
1882, and received his bachelor of science 
degree in electrical engineering from New 
Hampshire College (now the University of 
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New Hampshire) in 1908 and the degree 
of electrical engineer from the same school 
in 1913. He received his master of science 
degree from the University of Michigan in 
1933. Following his graduation he was 
with the General Electric Company, West 
Lynn, Mass., for 2 years, and then in 1912 
went to Michigan State College as an 
instructor in electrical engineering. He 
became assistant professor in 1915, associate 
professor in 1918, and professor in 1937. 
Professor Cory was a former president of 
Tau Beta Pi and a former chairman of the 
Michigan Section of the AIEE. 


Robert Bonner Jack Brunn (AM 734), 
section head and engineering supervisor, 
Hazeltine Electronics Corporation, Little 
Neck, N. Y., died July 30, 1953. Mr. 
Brunn was born on March 3, 1911, at 
Hazelton, Pa. He graduated from Lafayette 
College in 1932 with a bachelor of science 
degree in electrical engineering and received 
a masters degree from Massachusetts In- 
stitute of Technology in 1933. Following 
his graduation he worked for several small 
manufacturers of broadcast radio receivers 
and joined Hazeltine Electronics Corpora- 
tion in 1936 and was engaged in research 
and development work on broadcast re- 
ceivers. He joined the group working on 
television problems in 1938. From 1939 
to 1941 Mr. Brunn worked in the Chicago, 
Ill., laboratories of the company. During 
World War II, he worked on air-borne 
electronic equipment and after the war on 
air navigation and traffic control equipment. 
Mr. Brunn was a member of Phi Beta Kappa 
and the Institute of Radio Engineers. 


George W. O’Keeffe (M °46), assistant 
sales manager, Allis-Chalmers Boston Works, 
Hyde Park, Mass., died October 9, 1953. 
Mr. O’Keeffe was born in Dorchester, 
Mass., April 10, 1899, and attended Tufts 
College. From 1920 until the company 
was acquired by Allis-Chalmers in 1931 
Mr. O’Keeffe was associated with Condit 
Electrical Manufacturing Corporation, Bos- 
ton, Mass., in design and application 
engineering of circuit breakers. From 1931 
to 1938 he managed the motor control 
department of Allis-Chalmers Boston Works. 
In 1938 he became sales application engineer 
on circuit breakers and in 1943 became sales 
engineer in charge of circuit breaker sales. 
Mr. O’Keeffe was a member of the National 
Electrical Manufacturers Association. 
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Recommended for Transfer 


The Board of Examiners at its meeting of October 15, 
1953, recommended the following members for transfer 
to the grade of membership indicated. Any objections 
to these transfers should be filed at once with the Secre- 
tary of the Institute. A statement of valid reasons for 
auch objections, signed by a member, must be furnished 
and will be treated as confidential. 


To Grade of Member 


Armour, W., superintendent, hydro diy., Windsor 
Utilities Commission, Windsor, Ontario, Canada 


Institute Activities 


Asselstine, J. J., apie engineer, Falconbridge Nickel 
Mines, Ltd., Hardy Mine, Levack, Ontario, Canada 

Balsdon, E, J., planning engineer, MBW area, New York 
Telephone Co., New York, N. Y._ | 

Barnes, H. O., electrical engineer, Sangamo Electric 
Co., Springfield, Ill. 

Baudry, A., manager, mechanical development 
section, Westinghouse Electric Corp., East Pitts- 
burgh, Pa. 


Blytheman, G. C., associate cable engineer, Detroit _ 


Edison Co., Detroit, Mich. 

Bourlon, A. L., manager, central station dept., In- 
dustria Electrica de Mexico, Mexico, Federal 
District, Mexico 

Brand, O. H., plant superintendent, Kramer power 
eee Nebraska Public Power System, Bellevue, 

ebr. 


Briggs, R. H., electrical engineer, Eastman Kodak Co., i 


Rochester, N. Y 


Brinton, R. L., communications superintendent, Pacific | | 


Gas & Electric Co., San Francisco, Calif. 

Campbell, C. D, senior electrical engineer, Humble 

'ipe Line Co., Houston, Tex. 

Cook, A. C., engineer, industrial engg. div., General 
Electric Co., Schenectady, N. Y. 

Cox, J. C., electronics project engineer, Norfolk Naval 
Ship Yard, Pocerecnihl Va. 

Fillmore, R. L., electrical engineering instructor, 
University of Minnesota, Minneapolis, Minn. 
Graham, H., chief engineer, Public Utilities Commission, 

Victoria, British Columbia, Canada 

Hand, E. J., deputy director, National Production 
Authority, Washington, D. C. 

Hiers, W. A., switchgear engineer, Westinghouse Electric 
Corp., Dallas, Tex. 

Hogan, J. C., associate professor of electrical engineering, 
University of Missouri, Columbia, Mo. 

Kiburz, M. E., electrical supervisor, Omaha Public 
Power District, Omaha, Nebr. 

Larissou, J. P., electrical engineer, G. M. Simonson, 
consulting engineer, 507 Howard St., San Fran- 
cisco, Calif. 

Lodge, E. A., superintendent, Saguaro station, Arizona 
Public Service Co., Phoenix, Ariz. 

Lutz, W. E., chief, electrical design branch, Okinawa 
District Engineers, APO 331, c/o PM, San Fran- 
cisco, Calif. 

Mohr, M. E., head, E-series systems dept., Hughes 
Aircraft Co., Culver City, Calif. 

Moore, J. T., Jr., chief, electrical section, U. S. Veterans 
Administration, Washington, D. C. 

Moynihan, J. D., electric utility engineer, Westinghouse 
Electric Corp., East Pittsburgh, Pa, 

Muckley, C. J., electrical engineer, The Timken Roller 
Bearing Co., Canton, Ohio 

Olmedo, J. H., professor-in-charge, electrical machinery 
laboratory, Universidad Nacional de Mexico, 
Mexico, Federal District, Mexico 

Peltosalo, A. E., manager, market research & product 
planning, General Electric Co., Hudson Falls, N. Y. 

Pies, J. R., executive vice-president, Industrial Develop- 
San Engineering Associates, Inc., Indianapolis, 
nd. 

Prentice, W. H., commercial engineer, General Electric 
Co., Boston, Mass. 

Quadri, N. H., executive engineer, Eastern Electrical 
Div., Ramna, Dacca, East Pakistan 

Rands, O. O., manager, power div., U. S. Bureau of 
Reclamation, Sacramento, Calif. 

Riall, E. C., Jr., asst. superintendent, compressor sta- 
tions, Texas Eastern Transmission Corp., Shreve- 
port, La. 

Schultz, G. F., mechanical engineer, George A. Fuller 
Co., New York, N. Y. 

Strauss, F. E., manager, industry control dept., General 
Electric Co., Oakland, Calif. 

Switzer, D. C., assistant to superintendent of engineering, 
The Hartford Electric Light Co., Hartford, Conn. 

Switzer, G. F., chief engineer, Indianapolis Power & 
Light Co., Indianapolis, Ind. 

Tallman, S. R., engineer, Narragansett Electric Co., 
Providence, R. I. 

Tombaugh, S. J., manager, Toledo office, General 
Electric Co., Toledo, Ohio 

Totah, E. J., engineer, Vitro Corporation of America, 
Silver Spring, Md. 

Walchli, H. E., engineer, C & CCC, Oak Ridge Na- 
tional Laboratories, Oak Ridge, Tenn. 

Webb, J. M., assistant director, engineering div., Eli 
Lilly & Co,, Indianapolis, Ind. 


42 to grade of Member 


Applications for Election 


Applications for admission or re-election to Institute 
membership, in the grades of Fellow and Member, have 
been received from the following candidates, and any 
member objecting to election should supply a signed 
statement to the Secretary before December 25, 1953, 
or February 25, 1954, if the applicant resides outside 
of the United States, Canada, or Mexico. 


To Grade of Member 


Anson, E, H. (re-election), Gibbs & Hill, Inc., New 
York, N. Y. 

DuBois, J. H., Mycalex Corp. of America, Clifton, N. J. 

Eschborn, R. J., Jack & Heintz, Inc., Cleveland, Ohio 

Jackson, H. W., Ryerson Inst. of Technology, Toronto, 
Ontario, Canada 


4 to grade of Member 
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OF CURRENT INTEREST 


Electronic Speed Tally Reduces 


Time Needed for Inventory Control 


A new electronic device that is expected 
to speed inventory control in business and 
industry, reducing to a fraction of a second 
the time needed to check an entire inventory, 
has been developed by Remington Rand Inc. 

The new device, called the ‘‘Speed Tally,” 
was demonstrated recently for the first 
time by John Plain and Company, Chicago, 
Ill., for whom the system was developed. 

The system is housed in a small cabinet, 
about 7 feet long and 6 feet high, with ten 
keyboard devices that look like hand 
adding machines, which feed information 
into the system. 

The Speed Tally receives tallies of orders, 
or inventory items, through the keyboards, 
and within 0.4 second it has added the new 
item to the existing total in its proper 
catalogue classification, and registered the 
new total. It can handle 13,000 items in 
each of three categories. 

While the new device was developed 
primarily for the use of John Plain and 
Company in tallying orders in its widespread 
mail-order system and keeping the informa- 
tion up to date so that it can be of use to 
buyers, the possible applications of the Speed 
Tally are expected to be far reaching. 

Remington Rand’s electronic experts 
believe it will be of great use, with certain 
modifications, for keeping a _ perpetual 
inventory control in any business or factory 
requiring such a service for a large number 
of catalogue classifications. 

This would enable management of a 
factory, warehouse, or any storage system 
requiring accurate inventory of large num- 
bers of items of various types, to keep a 
constant record of all additions and sub- 
tractions, with immediate access to current 
inventory information. 

The system has four basic phases of 
operation—an input through the keyboard; 
a magnetic memory or storage drum, where 
the new item is matched with the previous 
total in the proper catalogue classification; 
an arithmetic section which performs the 
addition and subtraction; and an output 
which, on demand, records the new total on 
a printing device. 

This is the way the Speed Tally works: 

An operator at one of the keyboards 
receives an order, and presses the proper 
keys to indicate the number of items and the 
catalogue classification number. As fast 
as she completes one operation, she can start 
on the next because the Speed Tally has 
already processed the information through 
the magnetic memory, added (or subtracted) 
the items in the proper categories, and dis- 
played the new totals on a visual indicator 
panel—all in less than a half-second. 

At the time a record of the tally is wanted, 
a punched paper tape is inserted in the tape 
reader unit and the tallies of those items 
specified on the particular tape are printed 
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on an adding-machine type of paper tape. 

The nerve center of the system is the 
magnetic memory, developed by Remington 
Rand’s Engineering Research Associates 
Division for the giant electronic computers 
and many other systems. 

This is a rotating drum, with magnetized 
channels around the circumference and 
along the longitudinal surface of the drum. 
Each catalogue number has an address on 
the drum, where the existing total is regis- 
tered. When the new item is processed 
into the drum, the entire system is scanned 
for the catalogue number address and the 
new total is added to the proper catalogue 
number. 

This new total is carried to the output 
system, and the operation is completed by 
the return of the latest total to the address 
of the catalogue classification on the drum, 
where it is ready for the addition of sub- 
sequent entries. The entire operation re- 
quires approximately 0.4 second. 

Since each operation is performed in a 
fraction of a second, the Speed Tally is 
always ahead of any operator. Each of the 
input keyboards is scanned in succession, and 
by the time the system has run through nine 
keyboards, in less than 5 seconds, the tenth 
operator will have a new entry ready for 
tallying. 

As a comparison between the Speed Tally 
and previous systems, when a customer’s 
order came in for a group of items, under 
the old system the clerk had to find the 
correct tally book for that catalogue number 
in a file of huge books, flip to the right 
page, mark down the entry to indicate that 
the item had been ordered. The informa- 
tion then had to be summarized for the 
benefit of buyers, as well as for inventory. 

Under the Speed Tally System, the 
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Future Meetings of Other Societies 


American Physical Society. Winter Meeting. De- 
cember 28-30, 1953, Stanford University, Stanford, 
Calif, 


Exposition of Chemical Industries. 24th Exposition. 
November 30-December 5, 1953,-Commercial Museum 
and Convention Hall, Philadelphia, Pa. 


Institute of the Aeronautical Sciences. 17th Wright 
Brothers Lecture. December 17, 1953, United States 
Chamber of Commerce Building, Washington, D. C. 


Mid-Century Conference on Resources for the Future. 
December 2-4, 1953, Shoreham Hotel, Washington, 
D.C. 


The American Society of Mechanical Engineers. 
Annual Meeting. November 29-December 4, 1953, 
Statler Hotel, New York, N. Y. 


The American Society of Mechanical Engineers, In- 
struments and Regulators Division. Symposium on 
Frequency Response. December 1-2, 1953, New York, 
New. 

Wire and Cable Symposium. 2d Annual Symposium. 


December 14-16, 1953, Berkeley Carteret Hotel, Asbury 
Park, N. J. 


operator glances at the order, notes the 
quantity and type of items ordered, punches 
both on the keyboard, and the machine 
does the rest. 

If the management wants to know how 
many items of a certain type have been 
ordered at the end of the day, the operator 
merely punches the catalogue number on 
the keyboard and the total is printed on the 
output machine. 

One of the features of the Speed Tally 
is what is known as the “‘automatic 1.” In 
order to eliminate the time needed to punch 
the quantity when only one item in a cata- 
logue classification is needed, the operator 
merely punches the catalogue number and 
the machine automatically registers a 
quantity of “1.” 

The Speed Tally also can separate tallies 
in different groups, through the use of a 
“category switch.” Thus it is possible to 
record 13,000 tallies covering orders only, 
13,000 covering cancellations, and 13,000 
tallies on current inventory balances, giving 
a total of 39,000 different tallies. 


One of ten 10-key 
keyboards that is 
hooked up to the 
magnetic memory. 
The operator feeds 
into the machine 
catalogue numbers 
with the quantity 
of the order which 
is added to the 
total stored within 
the memory 


ELECTRICAL ENGINEERING 


= 


Y 


nee 


_Moderate-Cost Navigational Radar 


_ Developed for Small Vessels 


Navigational radar has become an ac- 


__ cepted item of equipment for most long-range 


merchant vessels throughout the world today. 
‘Due to high cost, however, and to high power 
demands, space requirements, and like 
‘problems, it has not found its way aboard 
smaller commercial and pleasure vessels. 
Raytheon Manufacturing Company’s de- 


_ sign engineers began work on this problem 


3 years ago. Using an entirely new ap- 
proach, they worked on plans for a radar 


_ that would retain all the “‘big ship”? type of 
features and performance, yet would be 


small enough for fishing vessels, tugs, and 
similar small craft, at moderate cost. 

The result of this design effort has culmi- 
nated in the ‘‘Mariners Pathfinder’’* Model 
7500 radar. Its effectiveness is proved by 


the fact that it equals or exceeds the per- 


formance of other equipments on the market 
costing twice as much. It can serve there- 
fore not only as a primary radar installation 
for yachts, fishing vessels, tugs, and other 
small craft, but also for ocean-going ships 
that heretofore have not been equipped 
with radar because of the cost. 

- The new Model 7500 also will serve ideally 
as stand-by equipment for first-line ocean 
vessels with operational and safety require- 
ments requiring this additional protective 
measure. 

Proof that the unusually low installed 
cost was not achieved through sacrifices 
in features and characteristics is found in 
this list of the Model 7500’s features: parallel 
line cursor and bearing scale, projected onto 
the tube face through the Raytheon- 
developed reflection plotter; built-in test 
meter which gives instant check of system 
performance; 10-inch plan position in- 
dicator with range scales of 1, 2, 4, 8, and 
16 miles. 

The Model 7500 radar is made up of just 
two units, requiring only three intercon- 
necting cables for the entire system and 
completely eliminating waveguide. 

The elimination of waveguide is made 
possible by including the transmitter in the 
antenna assembly. Such elimination has 
benefits other than merely reduced costs. 
The power transmission losses through a 
waveguide system are considerable, and the 
elimination of this loss has the same effect 
as a substantial increase in transmitter 
power. The gain from this source coupled 
with that of a balanced crystal mixer, a most 
recent development in radar receiver prac- 
tice, enables the use of a low-power trans- 
mitter (7-kw peak power) while getting 
detection ranges equivalent to a 40- or 50- 
kw transmitter in previous conventional 
radar systems. Elimination of the wave- 
guide also makes possible outstanding 
minimum range performance. The radar 
is capable of detecting targets at ranges of 
50 yards or less. 

Another high-cost item in previous radars 
was that of special motors with complex and 
costly gear-reducing units especially de- 
signed for rotating antennae. The solution 
to this problem was to choose a stock, 1/4- 
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horsepower motor which drives the antenna 
through a “‘V” belt. For high accuracy 
and reliability, a standard synchro system 
is used to convey antenna rotation data to 
the indicator. 

System elements which are located in the 
antenna include the magnetron, local 
oscillator, transmitting-receiving tube, bal- 
anced crystal mixer, and cascade pre- 
amplifier. The remainder of the receiver 
and of the system power supplies are located 
in the indicator. Previous radar equipments 
have employed receivers with automatic 
frequency control. Raytheon’s engineers 
have developed for the first time, in this 
system, a manual tuning system using a tun- 
ing meter which is positive and foolproof. 
This development eliminates from five to 
six tubes and a complex circuit which has 
been a common source of difficulty in radar 
systems and represents a considerable saving 
in the over-all system cost. A convenient 
tuning meter is incorporated in the indicator 
front panel so that the equipment tuning 
may be checked by the user. The stability 
of the circuit is such that once tuned, the 
receiver will stay peaked indefinitely. The 
tuning operation requires only 2 or 3 seconds 
and may be checked at any time without 
disturbing the operation of the system. 
Other circuit improvements and develop- 
ments have made possible a reduction in 
the total number of tubes employed of 50 
to 75 for previous systems to only 33 in this 
radar. This results not only in cost economies 
but also substantially reduces the power 
required for system operation and will 
minimize greatly the number of system 
outages due to tube failure. 

Consideration also is given in the design 
to the selection of common tube types such 
as are employed in great quantities in radio 
and television receivers. This greatly 
reduces tube replacement costs and also 
makes it possible to obtain replacement 
tubes more readily. 

Despite the strong emphasis on producing 
the lowest possible cost radar no sacrifice 
of quality or reliability has been permitted; 
high-quality components have been selected 
throughout the equipment and it has under- 
gone the most comprehensive test schedule 
to assure that its design and construction is 
more than adequate for the rugged service 
which it will meet. It has been operated 
under temperature extremes from 20-degree- 
below-zero cold to 140-degree heat. ‘The 
antenna has been wind-tunnel tested to 
assure that it will operate normally at 
winds up to 75 knots and will not suffer 
damage in winds of 100 knots and more. 
The entire system has been subjected to 
salt spray tests, days of torturing vibration 
and shock virtually equivalent to the Navy’s 
requirements for combat equipment. 

Ease of maintenance is another factor 
which has been considered paramount in 
its design. The tuning meter also serves as 
a system test meter so that the operator 
himself readily can check system performance 
and localize any difficulty that might arise. 
The indicator is accessible for service by 
merely undoing the lifting handle and 
swinging the cover to one side. ‘This exposes 
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Reflection Plotter is part of the new 
Model 1500 ‘‘Mariners Pathfinder’’ radar 


for small vessels. The plotter casts 
bearing cursor and range scale readings 
onto scope face, where plot-marks can be 
made with china marking pencil without 
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all the system, tubes, fuses, and other com- 
ponents which can be replaced by ships’ 
personnel. ‘The transmitter unit is arranged 
for easy access and may be operated in the 
“open”? position for minor adjustments in 
its installed location on the mast. For 
more comprehensive testing it is readily 
detached from the antenna so that it may 
be brought below to a location adjacent to 
the indicator where it may be operated for 
servicing by the use of simple jumper cables. 
The entire transmitter unit with its pro- 
tective housing weighs but 16 pounds. 


William E. Wrather Awarded 
the John Fritz Medal 


William Embry Wrather, past president 
of the American Institute of Mining and 
Metallurgical Engineers, and director of the 
United States Geological Survey, has been 
awarded the John Fritz Medal by unanimous 
choice of a 16-man board. 

The medal is given annually for notable 
scientific or industrial achievement. In 
awarding the medal to Dr. Wrather, the 
board cited him as: “A geologist of world- 
wide experience and fame; and outstanding 
scientist and historian; a wise leader dis- 
tinguished for his service to the nation.” 

Selection of Dr. Wrather was made by a 
board consisting of four members each from 
the four Founder Societies: American 
Institute of Mining and Metallurgical 
Engineers; American Society of Civil 
Engineers; The American Society of Me- 
chanical Engineers; and the AIEE. 

Dr. Wrather has traveled the Balkans, 
Africa, South America, and Asia in his 
professional status. In 1933 he helped 
organize the 16th International Geological 
Congress in Washington. 

In the past Dr. Wrather has been a 
member of the Texas Historical Society and 
once served as its president. His collection 
of maps is famous. 
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ASEE-ECPD Meeting Stresses Importance 


of Growth of the Engineering Profession 


The joint meeting of the American 
Society for Engineering Education (ASEE) 
and the Engineers’ Council for Professional 
Development (ECPD) was held October 
14-17, 1953, at the Statler Hotel, New York, 
N. Y. The theme of the meeting was 
‘¢Civilization Is Dependent Upon the Growth 
of the Engineering Profession.” 

The first general session was the con- 
ference on Thursday morning, October 15, 
which dealt with creativeness in the arts. 
The first speaker was John Ferren, New 
York painter and teacher at Cooper Union 
and Queens College. He spoke of three 
phases in the process of creativity charac- 
terizing them as an intellectual sensibility, 
a moment of insight, and a time of energy 
which is beset with pitfalls and fears. 

Virgil Thompson, composer and music 
critic for the New York Herald Tribune, 
discussed how a composer arrives at a 
musical design. 

The last creative artist to speak was 
Ralph Bates, novelist and adjunct professor 
of literature at New York University’s 
Division of General Education, who dis- 
cussed at some length the creative process 
as revealed in the voluminous documenta- 
tion left by Dostoyevski and Stendhal about 
their own ways of writing. He also spoke 
of artistic flashes followed by a period of 
considerable working and often much re- 
working. 

In summation, Eric Walker—vice-presi- 
dent of ASEE and dean of engineering, 
Pennsylvania State College—who presided 
over the session, pointed out that the three 
phases of creation discussed could be called 
(1) the moment of illumination, the great 
idea, or ‘“‘flash of genius”; (2) the doodling 
period; and (3) the period of working out 
the details. The first period apparently is 
not directly amenable to fostering or teaching 
whereas the second and third (the craft) 
can be taught and facilitated by research 
administrators. 

L. E. Grinter, president of ASEE and dean 
of engineering and director of research, 
University of Florida, presided at the 
luncheon which was addressed by Morris 
I. Stein, professor of psychology, University 
of Chicago. His speech was entitled ‘“‘A 
Psychologist Looks at Creativeness, Its 
Environment and Its Measurement.” 
Several hypotheses were presented which 
had been developed in studying artists and 
were tested in a study of research chemists. 
These included the concept that a creative 
person may possess more sensitivity to the 
gaps existing in his culture so he can call 
attention to them or find a means of effecting 
closure. He must be able to tolerate 
ambiguity and maintain direction while 
developing and testing hypotheses. The 
role of the audience to whom the creative 
person must communicate was considered 
also. Specifically, the research chemists 
rated “‘more creative’? by their superiors 
and colleagues showed greater freedom in 
offering perceptual hypotheses and in the 
level of organization of their responses in a 
test situation than their colleagues rated 
‘‘less creative.” 

The afternoon conference, whose theme 
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was creativeness in engineering, was pre- 
sided over by W. L. Everitt, vice-president 
of ASEE and dean of engineering, University 
of Illinois. The first speaker was Fred 
Olsen, vice-president for research and 
development, Olin Industries, who pre- 
sented the industrialist’s point of view. He 
pointed out the need (1) to provide an 
environment and mental climate favorable 
to inventiveness, (2) to devise tests to select 
persons of inherent high order of creativity, 
(3) to aid educators in developing talented 
students and in improving the creativity 
of those not found initially to be resourceful, 
(4) to find a means of conserving our greatest 
natural resource: natural resourcefulness, 
and with these goals achieved the material 
well-being of peoples everywhere would be 
increased. 

The engineering viewpoint was presented 
by Maurice Nelles, director of the Borg- 
Warner Laboratory. He discussed some of 
the methods he felt to be most promising 
for teaching or influencing engineering 
college students to be more creative, indicat- 
ing that the important stimulants to crea- 
tivity are reading, talking—including discus- 
sion, seeing, hearing, and doing, inter- 
spersed with time for thinking. 

The second day was opened with a session 
devoted to engineering accrediting. The 
chairman was Thorndike Saville, ECPD 
Education Committee chairman and dean 
of engineering, New York University. The 
vice-chairman was Nelson Hibshman, Assist- 
ant Secretary, AIEE. 


Ewald B. Nyquist, secretary of the Middle 
States Association, spoke on the National 
Committee on Accrediting, the Middle 
States Association, and the relations of 
their programs with that of the ECPD 
program of engineering accrediting. 

Gregory Dexter, consulting engineer, 
talked on the topic of neglected future 
engineers, emphasizing the weaknesses of 
the present accrediting processes especially 
in not giving more guidance in selecting 
institutions of higher learning. 

L. E. Grinter discussed the findings of the 
ASEE Education Evaluation Study as they 
relate to accrediting. Higher standards for 
accreditation were recommended, a division 
of engineering education into ‘‘professional- 
scientific”’ and “‘professional-general’”? educa- 
tion, and special designation for institutions 
with standards substantially above mini- 
mum. Humanistic-social studies should 
afford a “‘clearer perspective of civilization, 
inspiration for seeking greater knowledge 
and understanding, and aid in development 
of judgment and discrimination, a sense of 
value, and sound personal philosophy.” 
It was pointed out that 4-year programs 
may not be sufficient to meet the com- 
mittee’s recommendations for the profes- 
sional-scientific curriculum plus the 
specialized courses of the degree-granting 
department, but the committee felt ‘‘that 
specialized engineering courses are of far 
less value in professional-scientific education 
than a broad background of engineering 
science.” 


After considerable questioning and dis- 
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cussion from the floor a summary was mad 
by S. C. Hollister, dean of engineering, 
Cornell University; past president, ASEE 
and former chairman, ECPD Education 
Committee. 

Water problems on the Canadian— 
United States boundary were discussed by 
General A. G. L. McNaughton (HM °42),_ 
chairman, Canadian Section of the Inter- 
national Joint Commission, at the luncheon | 
meeting on Friday. 

The afternoon session, with T. H. Chilton . 
chairman of the Engineering Manpower 
Commission, presiding, was devoted to post- 
college training and an engineering man- 
power utilization panel. Cornelius Wand-_ 
macher, chairman, ECPD Training Com- 
mittee, professor of civil engineering, Uni- 
versity of Cincinnati, discussed the plans 
and results of the ECPD experimental train- 
ing program at Cincinnati with six basic 
points of endeavor: orientation and training 
in industry, continued education, integration 
into the community, professional registra- 
tion, self appraisal, and recommended 
reading. 

Guy Kleis, Westinghouse Electric Cor- 
poration, explained their 3-point program 
which includes (1) employing non-engineers 
for “‘fringe area” jobs; (2) purifying “‘engi- 
neering area’ jobs, and (3) raising the 
performance level of both professional and 
supporting personnel through an educa- 
tional assistance program. 

Chester L. Brisley, chief industrial engi- 
neer, Wolverine Tube Division, Calumet 
and Hecla, Inc., explained and illustrated 
the work-sampling technique used by his 
company which requires less time and less 
trained personnel to obtain sufficiently ac- 
curate data. 

The annual Engineers’ Dinner was held 
Friday evening and presided over by Henry 
T. Heald, vice-chairman, ECPD, and 
chancellor, New York University. The 
ECPD annual report was given by Colonel 
L. F. Grant, chairman, ECPD. 


Horace P. Liversidge, chairman of the 


board, Philadelphia Electric Company, 
spoke about industry and _ engineering 
education. In stressing that the engineering 


manpower shortage could be solved only 
by the joint effort of educators and industrial- 
ists, he concluded that industry should pay 
for its additional scientific and engineering 
personnel just as it now pays for its other 
facilities for doing business and that manage- 
ment has the responsibility for selling this 
to directors and stockholders. 


Storage Battery Lowers 
Power Costs for Lift Bridge 


The aerial lift bridge at Duluth, Minn., 
is raised by power derived from storage 
batteries. Up until 1930, the bridge carried 
automobiles and passengers across the 
canal connecting Duluth Harbor with Lake 
Superior on a special gondola suspended 
from the overhead span. Now a con- 
tinuous span permits free flow of traffic. 
When an ore-boat approaches, the entire 
span is raised, 

The huge battery, installed by Gould- 
National Batteries, consists of 153 Plante 
cells (rated at 800 ampere-hours for 8 hours) 
and raises the lift span 120 feet above water 
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_ Power for raising 


Ey 


‘] 


this bridge comes 
from 153-cell bat- 


tery. Power for 
charging is taken 
from a_ public 
utility at constant 
rate with peak 
loads being ab- 
sorbed by the bat- 
tery 


level in 55 seconds like a gigantic elevator. 
The center span is raised about 30 times per 
day or 3,000 lifts per year during the open- 
water season lasting from April to November. 
,During a busy day, the battery may be 
‘discharged as much as 25 per cent of its 
capacity. 

The batteries are charged by motor 
generators on current purchased from the 
Minnesota Power and Light Company. 
Inasmuch as the peak demand for electric 
energy to raise the span is accumulated by 
the battery and the motor-generator set 
‘operates at a constant rate, the peak- 
demand charge is low. The cost of electric 
energy is less than if the bridge-raising motors 
took power directly from the utility. 

Dependability is another factor in using 
the large battery. The power is always 
available and cannot be interrupted by 
storms. A stand-by gasoline engine is avail- 
able for charging the battery in event of a 
failure of the power lines but has been used 
only three times since 1930. 


Error Voltage Detector Aids 
in Servo-Control Applications 


A broad-band low-level error-voltage de- 
tector has been developed by the National 
Bureau of Standards (NBS). Utilizing 
crystal diodes in a bridge circuit, the device 
operates on the radio-frequency chopper 
principle and shows a resolution to 1 millivolt 
with a bandwidth of at least 1 megacycle. A 
zero drift stability to 1 millivolt is readily 
attainable. The Bureau’s instrument pro- 
vides an answer to the need for precise sam- 
pling in many servo-control applications. 

Some of the most important and rapid 
technological advances of the past decade 
have been in the automatic control of ma- 
chines and processes. Substantial further 
extension of this trend toward automatization 
in industrial and military technology seems 
highly probable. Many significant applica- 
tions of automatic control are based on servo 
feedback systems. These systems may be 
thought of as arrangements in which any 
deviation of a controlled device or process 
gives rise to an error signal—usually an 
electric voltage. The servo system then 
initiates a corrective action which continues 
until the error signal is brought very nearly 
to zero, that is, until the desired condition is 
reached. i 

A crucial element of any servo system is 
the method or device used for sensing the 
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error signal, which usually means detect- 
ing the difference between two voltages. 
Ideally, a signal detector should be able to 
measure the error signal immediately when 
the controlled process deviates from the de- 
sired condition by even the smallest amount, 
and to initiate remedial action in the shortest 
possible time. The need for greater response 
speeds in some servo applications has brought 
about a search for a detector which will make 
a more rapid sampling of the output than a 
mechanical vibrator or chopper with its 
limited frequency. The inertia character- 
istics of a mechanical device place a definite 
limitation on the over-all response speed. 
The chopper principle, however, must be re- 
tained in order that the error detector may 
respond to d-c signals as well as a-c signals 
up to video frequencies—a fundamental 
requirement of many servo applications. 

In order to achieve a more rapid sampling 
rate, it was found necessary to eliminate the 
mechanical parts altogether and to use elec- 
tronic circuit elements. Some sensitivity is 
sacrificed, but the speed of response of the 
system is tremendously increased. ‘The best 
stability in an electronic circuit is usually 
obtained when only passive components are 
used in the critical parts of the system. At 
present, the germanium diode appears to be 
the best passive chopper element. When it 
is designed into a device that is self-compen- 
sating for temperature coefficients of the 
crystals, it is capable of unusual zero-drift 
stability. 

Essentially, the NBS error-voltage detector 
is a bridge modulator with a _ radio-fre- 
quency carrier as its source and the modulat- 
ing signal as a dynamic controller of resistive 
balance. High sensitivity for signals near 
zero in amplitude is the primary aim, and 
nonlinear reduction in sensitivity for signals 
departing from zero is both convenient and 
desirable. Two of the arms of the bridge are 
germanium diodes whose forward resistances 
are compared, and the other two arms are 
inductors which serve as radio-frequency 
voltage sources for excitation of the diodes. 
The usual difficulty with contact potentials 
in germanium diodes is minimized by having 
the crystals operate at a carrier voltage high 
compared to the contact potential. 

During one half of the carrier cycle neither 
diode conducts and the output is zero. 
During the other half-cycle the output is still 
zero when the two diodes have the same for- 
ward resistance. But an error voltage 
applies a differential bias, unbalances these 
resistances, and causes a portion of the radio- 
frequency carrier to appear at the output. 
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Thus the error voltage causes partial half- 
wave rectification of the radio-frequency 
source, and this output voltage itself con- 
tains a component at the radio frequency 
which is amplified and serves as the indica- 
tion of the error-signal voltage. 

Mechanical details are important in the 
design and construction of the detector. 
Excellent shielding between input and output 
circuits is essential, since a small leak from the 
radio-frequency source will reduce the sensi- 
tivity greatly. Adequate shielding is pro- 
vided by milling the main body of the trans- 
ducer from a block of aluminum. A solid 
partition between the milled-out cavities re- 
duces radio-frequency leakage to a mini- 
mum, and thick walls furnish a heat sink for 
the two germanium diodes. The filters used 
in the circuit are well protected from stray 
fields of the bridge circuit; this makes it 
possible to achieve an unusually good null 
balance and thus insures high sensitivity. 

The transducer is not limited to a 30-mega- 
cycle carrier frequency. The general princi- 
ple is readily adaptable to the use of an ultra- 
high-frequency carrier and will extend the 
bandwidth of the instrument if desired. If 
less bandwidth is required, a lower-frequency 
signal may be utilized with consequent 
economy of construction. 

The use of a radio-frequency carrier in 
combination with the transducer containing 
only passive elements makes multichannel 
operation unusually attractive with its com- 
plete freedom from switching transients. 
One possible practical scheme involves a 
rotating radio-frequency link coupling be- 
tween a number of transducers and a single 
amplifier. All moving contacts are avoided, 
and it is merely necessary to sample syn- 
chronously the amplifier output coincident 
with the positioning of the link coupling. 
Moreover, this method of multichannel sam- 
pling permits the transducer units to be 
placed near the sources of the signals to be 
amplified. It is quite practical then to pro- 
vide coaxial cable connections from the 
numerous units to a common point where the 
radio-frequency commutation into the am- 
plifier is accomplished. 

The flexibility, accuracy, and reliability 
which the NBS instrument provides should 
make it suitable for many applications in 
nucleonics and other processing plant opera- 
tions where precise automatic controls are 
needed. 


National Electronics Conference 
Attracts Record Attendance 


An attendance of 6,881 was recorded at 
the ninth annual National Electronics 
Conference which met September 28-30, 
1953, at the Hotel Sherman, Chicago, Tl. 

The 98-paper technical program and 150 
booths of exhibits stressed the 1953 con- 
ference theme “Electronics—Key to Prog- 
ress.’ ‘The technical program, made up 
of sessions on audio and microphonics, 
circuits, communication, computers, engi- 
neering management, filters, instrumenta- 
tion, material and components, magnetic 
amplifiers, microwaves, mechanics, servo- 
mechanisms, television, transistors, tubes, 
and ultrasonics, was presented by scientists 
and engineers from the country’s foremost 
universities, laboratories, and industries. 
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Hood for a Turbine 


Skilled foundrymen of the General Electric Company are shown lifting a rough finished 

core from the pit where it was molded. This 120,000-pound core is a mixture of sand, 

clay, and pitch, and will form the inside contour of a casting which will be the upper 
hood of a turbine rated 100,000 kva 


Robert W. Galvin, executive vice-president 
of Motorola, Inc., addressed the conferees 
at luncheon, September 28. Speaking on 
‘Our Opportunities and Responsibilities,” 
Mr. Galvin outlined the growth and defined 
the progress of the electronics industry since 
its inception 35 years ago. He touched 
on some of the milestones in the history of 
the field and then went on to look into its 
future. 

**Today, we find ourselves in the midst 
of an engineering scrubbing down process 
in our black and white television, and with 
the task still unfinished, we now find ourselves 
in color television,’ Mr. Galvin said. 

He emphasized the tremendous difficulties 
faced by the industry in color television. 

Mr. Galvin offered his opinion that 
present problems—limited color programs, 
small experimental screens, and high priced 
receivers—should be resolved within the 
next 2 to 4 years. 

I. S. Coggeshall, director of planning, 
International Communications, Western 
Union Telegraph Company, speaking on 
**lectronics—Thou Most Admired Dis- 
order,” at the September 29 luncheon, 
told those attending the conference to com- 
bat the trend toward splinter societies which 
rapid technological advances have caused. 
Warning that specialization may cause 
them to miss significant developments in 
the profession as a whole, Mr. Coggeshall 
said, “In addition to coverage of our 
specialty, to each of us is due the more 
general and fundamental information which 
provides the stimulus needed collectively 
in all the individual branches.”’ 
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At the luncheon on September 30, H. E. 
Richmond, chairman of the board, General 
Radio Company, spoke on ‘‘Opportunities 
and Responsibilities of Employment in the 
Electronics Field.” Mr. Richmond called 
upon the educators and students attending 
the conference to prepare themselves ade- 
quately for their future positions in the 
electronics field. He pointed out that the 
‘average engineer” will have to be satisfied 
with a minor status in the rapidly advancing 
and terrifically competitive field. 

All technical papers presented at the 
conference will be published in volume 9 
of the ‘‘Proceedings of the National Elec- 
tronics Conference.” This book will be 
available at a cost of $5 after January 15, 
1954, and may be ordered from the National 
Electronics Conference, Inc., Karl Kramer, 
executive secretary, 852 East 83d Street, 
Chicago 19, IIL. 


EMC Issues Statement on 

Universal Military Training 

The Engineering Manpower Commission 
(EMC) of Engineers Joint Council has been 
concerned with manpower utilization prob- 
lems since 1950 and has made compre- 
hensive studies of the Selective Service 
System, of the military reserve structure and 
the philosophy behind that structure, and 
of the various plans and programs which 
have been advanced for manpower utiliza- 
tion in time of partial and full mobilization. 

In its study of Universal Military Training 


Of Current Interest 


(UMT), EMC has considered not only its 
inherent nature and implications, but also 
its probable and potential effects on the 
over-all manpower picture in any future 
partial or full mobilization. 

In order to obtain the maximum con- 
tribution of engineers, scientists, and other 
specialized personnel to the national defense 
and to the national health, safety, and 
interest, EMC recommends that: 


1. The instructional program for UMT 
emphasize the basic military subjects and 
minimize specialist training as being subject 
to rapid obsolescence. 

2. In any implementation of UMT, the 
training programs be planned to provide 
a minimum dislocation of the processes of 
higher education so necessary to the tech- 
nology of preparedness. 

3. UMT be completely separated from 
the construction of our military reserve 
forces and be regarded merely as a part of 
the basic required education of our male 
populace. 

4. Those who complete UMT be re- 
turned to civil life and the jurisdiction of 
the Selective Service System. 

5. To give effect to recommendations 3 
and 4, the statutory provision involving 
provisions for an obligated period of service 
in the military reserve forces as now con- 
tained in Section 4 (D) of the Universal 
Military Training and Service Act of 1951 
(P.L. 51) be repealed. 

6. The problems of constructing a 
realistic, voluntary, dependable, imme- 
diately available reserve be the subject of 
intensive study apart from any considera- 
tions of Universal Military Training. 


High-Speed Facsimile Equipment 
Developed for Sending Messages 


United States Navy high-speed facsimile 
equipment, model CXRG, is a developmental 
model which may be used to transmit 
virtually any kind of document almost 
instantaneously over long distances. The 
basic system was conceived by engineers 
of the Bureau of Ships. Development and 
construction was carried out under contract 
with the Radio Corporation of America and 
the Haloid Company. 

Design of the equipment began about 3 
years ago when it was determined that 
commercial high-speed facsimile equipment 
had certain disadvantages and_ lacked 
certain features essential from the Navy 
standpoint. 

The Bureau of Ships found that equip- 
ment was needed which would accept copy 
without processing and would turn out 
finished copy without need of a ‘‘wet” 
developer or extensive processing. The 
Bureau also wanted a machine which 
would deliver copies that could be directly 
reproduced on standard office offset-type 
reproduction equipment. Previously de- 
veloped equipment operating at the desired 
speed required the photographing of copy to 
be transmitted. 
graphic film, requiring enlarging and print- 
ing before delivery to user. This necessitated 
expensive equipment, 
darkroom facilities, and adequate storage 
space, and consumed valuable time, all of 
which the Navy sought to avoid. 


skilled personnel, © 


It delivered copy of photo-_ 
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The transmitting equipment operates as 
follows: 

Copy is fed into a vacuum transport 
system equivalent to laying copy on a 
moving belt, and moved under a scanner 
at the rate of ten 9- by 12-inch pages per 
minute. The scanner is a flying-light spot- 
scanner cathode-ray tube. Light reflected 
from the copy is received by a photo multi- 
plier. The resulting video signal is amplified 
and used to modulate a carrier signal which 
is transmitted either by radio or wire to the 
receiver. 

At the receiver, the signal is sent into a 
video amplifier where the synchronizing 
pulses are separated. ‘These pulses control 
the scanning rate of a second flying-light 
spot-scanner cathode-ray tube. By this 
means the receiver spot is synchronized with 
the transmitter spot. The signal is amplified 
to modulate the intensity of the light spot. 
Therefore, the intensity of light in the 
receiver is made identical to the intensity 
of light in the transmitter. 

The image caused by these patterns is 
focused upon a sensitized Xerographic 
drum. Variations in intensity of the light 
spot cause variations in the surface electric 
charge of the exposed parts of the drum. 
After exposure a cloud of ‘‘dust,’’ which is 
really an electrostatically charged dye 
powder developed, is sprinkled over the 
drum. This dust sticks to the drum at 
points where the charge remains and sticks 
proportionately to the charge. 

The drum then is brought into contact 
with the paper, the dye powder is trans- 
ferred to the paper, and the paper moved 
under an infrared heating lamp which seals 
the dye to the paper. Thus a sharp black- 
on-white finished image, a facsimile of the 
transmitted copy, is formed. 

Radio or wire transmission facilities 
having speed or bandwidth capabilities of 
approximately 1/20 of that required for 
television are needed for this system. 

The new development makes available 
a new source of high-speed high-capacity 
low-cost service. Areas of application will 
not be restricted to the military. 


Architectural League Announces 
1954 Gold Medal Exhibition 


The Architectural League of New York 
has announced its 1954 National Gold 
Medal Exhibition. This will be the 57th 
annual exhibition to honor outstanding 
work in architecture and allied fields, 
including engineering, by awarding gold and 
silver medals and honorable mentions. 

Work in engineering to be eligible for an 
award must show some visual aspect of 
building, either structural, mechanical, or 
electrical, and be characterized as a special 
or unusual contribution in design to the 
progressive development of structures. The 
Engineering Committee on Selection consists 
of Peter A. Strobel, chairman, Henry F. 
Richardson, Gilmore D. Clarke, Fred N. 
Severud, and L. Andrew Reinhard. 

Preliminary submissions, consisting of 
photographs only, are open to December 31, 
1953. A circular of information may be 
obtained from Peter A. Strobel, 70 West 
40th Street, New York 18, N. Y. 
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Important New Alloy Added 
to Beryllium-Copper Group 


A new alloy—Beryldur—having outstand- 
ing possibilities in the field of copper base 
materials was introduced as a new product 
by The Beryllium Corporation at the 35th 
National Metal Exposition and Congress. 

Beryldur is a low-content beryllium- 
copper alloy whose potentialities are only 
beginning to be explored. It may be 
described as filling the gap of property 
ranges existing between the two basic 
groups of beryllium-copper alloys: the 
high-strength and the high-conductivity 
groups. What it does is combine features 
of both, uniting high-strength and hardness 
values with extraordinary toughness and 
good electrical conductivity. 

This total combination is unique, and 
properties also may be varied at will by a 
simple heat treatment that is nearly fool- 
proof, the new alloy being capable of work- 
ing and moderate shaping after mill- 
hardening. 

Matthew J. Donachie, president of The 
Beryllium Corporation, was responsible for 
a good deal of the research connected with 
Beryldur. He said the alloy, now being 
produced on a commercial scale, will play 
an important role in the field of materials 
engineering and serve in many new applica- 
tions not covered adequately by other 
metals and alloys now in use. Beryldur is 
viewed, for one example, as a potential 
rival of bronzes and brasses. 

Beryldur has a low beryllium content of 
only 1 per cent, about midway between 
the amounts contained in the high-strength 
and the high-conductivity groups. Classed 
as a wrought alloy, it carries a lower price 
than others in this group with higher 
beryllium content. 

Its excellent formability in the heat- 
treatable temper gives Beryldur, in addition, 
one of its major advantages over other 
copper base alloys. 

Beryldur was field-tested for a year by 
The Beryllium Corporation to prove its 
value before it was put into commercial 
production on a large scale. 

Beryldur is produced in only two tempers 
in a calculated effort to simplify application 
and eliminate the confusion that sometimes 
arises over specifications. The two tempers 
are: heat-treatable and _ mill-hardened. 
The former is desirable where severe forming 


Beryllium - copper 

alloy, Beryldur, is 
shown in_ cold- 
rolling operation 
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is needed or where peak physical properties 


of the alloy are essential. Mill-hardened 
Beryldur requires no heat treatment of jf 


finished parts. 


Important applications of Beryldur are \| 


predicted for the electromechanical field, — 


especially in the manufacture of springs and | 


switches. 


At the present time The Beryllium Cor- | 


poration is producing the new alloy in strip 
form only. Beryldur soon will be made, — 
however, as wire and rod. 


Turbidimeter Measures and 
Records Particles in Liquids 


A new recording turbidimeter, which 


continuously and automatically measures | 
and permanently records the number of || 
particles suspended in -liquids, has been | 


announced by the General Electric Com- 
pany’s Special Products Section. 
Developed for use in any process where 
turbidity is a significant factor, the device | 
can be used with an audible or visible alarm. 
It provides readily available 
measurements for monitoring and con- 
trolling. Adjustable over a wide turbidity — 


| 


| 


range, the turbidimeter has a splashproof — 


construction and semi-null-balance system. — 

Specific applications 
and paper plants with private water supplies 
where turbidity has a direct effect on proc- | 
esses; monitoring of wastes dumped into 


streams and lakes to guard against pollution; 
water treatment plants where turbidity of jij 


incoming water determines the amount of 
flocculation chemicals to be added; detec- 


tion of oil contamination in boiler feed || 


water; soil erosion studies; and in any 


process where filter effectiveness must be || 


constantly monitored. 
The theory of operation is that if a liquid 


has no suspended particles, all light is | 


transmitted while none is scattered so that | 
the ratio of scattered to transmitted light | 
is Zeros 
is scattered, less transmitted, and the ratio | 
increases. The  turbidimeter’s 
element is a single photovoltaic cell with | 


current output proportional to the amount | 
The light ratio is | 
! 


of light falling upon it. 
determined by computing the voltage output 


of the photocell when scattered light and _ 


then transmitted light are successively — 
incident upon it. | 


turbidity | 


i 
| 


include chemical | | 
I 


As turbidity increases more light | 


detecting | 
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Stator Frame of Generator for McNary Dam 


Stator frame of a hydraulic turbine-driven generator for McNary Dam on the Columbia 


_ River is shown on a 60-foot vertical boring mill of the General Electric Company. _ Rated 


at 73,684 kva, the generator, when assembled, will weigh 2,500,000 pounds. It is one 


of 12 which is being supplied for the project 


Indian Thermal Power Plant 
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_ The steam drum of one of four boilers is being hoisted into place at the Bokaro Thermal 
Power Plant now being built in India by the Kuljian Corporation. Ultimately, 


the station will operate on four 50,000-kw hydrogen-cooled turbogenerators and eight 
300,000-pound-per-hour boilers. This is the first high-pressure steam-generating plant 
in the Far East 
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This is done by balancing the scattered 
light voltage against a battery, and at a 
later time balancing this remembered 
battery voltage against the transmitted 
light voltage. A range setting iris sets the 
photocell illumination in the transmitted 
light beam equal to the photocell illumina- 
tion from the scattered light at any given 
point on the recorder scale where maximum 
accuracy is desired. This point of maxi- 
mum accuracy may be 35, 70, or 100 per cent 
of full scale. 

The resultant system is quite stable with 
respect to variations in photocell sensitivity, 
temperature, lamp brightness, line voltage, 
or color of the liquid. 

Two main components make up the re- 
cording turbidimeter: a sampling head and 
a recorder. The sampling head contains 
the chamber through which the liquid 
passes and a single light source which 
illuminates a barrier-type photocell located 
on one side of the chamber. The light 
source is controlled by shutters so that it 
alternately shines through the sample 
chamber directly on the photocell and then 
at a right angle to the photocell. Thus the 
ratio measurement is made in such a way 
as to discount variations of the lamp or 
changing characteristics of the photocell 
due to aging or temperature changes. 

A circular chart recorder is furnished as 
standard equipment and is remotely located 
from the sampling head. The recorder 
contains the memory circuit and measures 
electrically the ratio of scattered to trans- 
mitted light. This ratio is indicated by the 
recorder meter and is permanently marked 
on the chart. 

With maximum operating pressure of 100 
pounds per square inch inside the sampling 
head, the recording turbidimeter has an 
accuracy of +5 per cent of full scale and a 
precision +3 per cent of full scale. Range 
is adjustable in the field from 0-25 to 0- 
10,000 parts per million (silica scale). 
The sampling head requires 175 watts, 115 
volts alternating current, and the recorder 
needs 55 watts at 115 volts alternating 
current. Cycle time is 60 seconds. 


Photographic System Operates 
in Millionths of a Second 


The development of a multiexposure 
microsecond photographic system—a super- 
camera with a “‘shutter speed”? measured in 
millionths of a second—has been developed 
by electronics engineers at the Midwest 
Research Institute. 

The scientists, Leon D. Findley, J. H. 
Van Horn, and Elbert S. Kennedy of the 
institute staff in Kansas City, Mo., presented 
a technical paper describing the system 
before the ninth annual National Electronics 
conference. 

The new photographic device is expected 
to be extremely valuable in tasks of scientific 
investigation. In the field of scientific re- 
search, the engineers pointed out, it is often 
necessary to photograph objects or phenom- 
ena which change rapidly in position or 
characteristics. Use of the new photo- 
graphic system will enable scientists to 
obtain sequence pictures in good detail of 
such actions as projectile in flight, blast 
studies, and other developments. 
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The device will record activity at speeds 
of one-millionth of a second and even smaller 
speeds under certain conditions. This 
unique photographic system which operates 
-on electronic principles has been used satis- 
factorily at the institute. Extensive pre- 
liminary tests are being conducted. 

Integral units of the new device are a 
timing-pulse source and driver, an energy 
storage and power supply, and a photo- 
graphic recording instrument. The latter 
mechanism can be either a high-speed movie 
camera operating at 7,000 frames a second, 
more than 500 times as fast as normal movie 
camera speed, or a high-velocity drum-type 
camera. 

The new photographic system was de- 
veloped at the institute by applying new 
details and innovations to certain basic 
concepts, the engineers pointed out. 


Seminar on Standardization 
to Be Held in January 


Dr. John Gaillard, mechanical engineer, 
staff of the American Standards Association, 
and lecturer at Columbia University, will 
hold his next 5-day private seminar on 
industrial standardization from January 25 

_ through 29, 1954, in the Engineering 
Societies Building, 29 West 39th Street, 
New York, N. Y. 

The Gaillard Seminars were started in 
1947 upon request from companies for 
assistance in the organization of their 
standardization work -and the training of 
their men in writing standard specifications. 
More than 120 organizations have been 
represented so far. 

The January 1954 session will consist of 
ten conferences, one in the morning, 9: 30— 
12:00, and one in the afternoon, 1: 30- 
4:00, Monday through Friday. At each 
conference a subject on the seminar program 
will be presented by Dr. Gaillard and then 
discussed around the table. 

Further details concerning registration 
may be obtained from Dr. John Gaillard, 
400 West 118th Street, New York 27, N. Y., 
or through the office of the American 
Standards Association, 70 East 45th Street, 
New York 18, N. Y. 


Positions of Stars Measured 
and Recorded Automatically 


A machine that automatically scans 
photographic plates taken of the heavens, 
identifies individual stars, and punches 
their position on IBM cards, has just gone 
into operation at the Watson Scientific 
Computing Laboratory. Professor Wallace 
J. Eckert, director of the laboratory which 
is operated jointly by Columbia University 
and the International Business Machines 
Corporation, headed a team of astronomers 
and engineers in the successful 6-year-long 
project. The unique “star factory” makes 
as many measurements in one day as a 
highly trained person does in a week—with 
an accuracy four times greater. 

Photographic plates 17 inches square 
which contain the images of from 300 to 
450 stars each are placed on the adjustable 
plate holder of the ‘*measuring engine.” 
From IBM cards the approximate location 
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of individual stars, gotten from a previous 
star catalogue, is transmitted to selsyn 
motors. These motors move the appro- 
priate image in front of a supersensitive 
photoelectric eye and the eye measures its 
exact position to within tenths of a micron. 
The exact position is then relayed back to 
the same card and punched on it. 

In order to relate positions measured on 
the plate to the true positions in the sky 
elaborate computations are necessary. Elec- 
tronic calculators can do this brainwork 
automatically, using the punched cards 
from the star factory. The resulting true 
positions then can be printed electrically 
and reproduced photographically—thereby 
completing the sequence of automatic 
operation. 

This final step in mechanizing a once 
arduous and time-consuming part of as- 
tronomy will feed increasing amounts of 
data to theorists interested in the celestial 
mechanics of dimly seen, faraway stars. 
Some of the problems solved in building the 
star factory will be applicable also to 
automatic operation of machine tools and to 
manufacturing plants. 


Television Projection Systems 
for Color Film Demonstrated 


Three methods for telecasting film in 
color were demonstrated recently to broad- 
cast engineering consultants at a color 
television seminar sponsored by the RCA 
Victor Division, Radio Corporation of 
America. 

Significant among the new projection 
equipment under development was a system 
which utilizes three RCA vidicon tubes, 
which, by employing dichroic mirrors, can 
pick up and reproduce color film projected 
by standard black-and-white 16-millimeter 
film projectors. 

In addition to the vidicon system, RCA 
also disclosed another method, now in 
commercial production, which utilizes a 
special 16-millimeter fast pulldown projector 
with a flying spot scanner. The third 
system, which, like the 3-vidicon system, 
is still under development, is a continuous 
film projector for 35-millimeter film which 
also is used in conjunction with a flying 
spot scanner. 

It was explained that the differences in 
the two systems are in mechanical and 
electronic principles utilized. In one 
system, he said, the mechanical require- 
ments are relatively simple while complex 
electronic developments are required. The 
other method, which utilizes the flying spot 
scanner, is electronically simple but requires 
complicated mechanical equipment. It 
was pointed out that the vidicon system will 
require precise color registration as well 
as three tubes with well-matched charac- 
teristics to function properly. 

The third color projection system utilized 
a 35-millimeter continuous projector which 
along with recent developments by Bell 
Telephone Laboratory engineers makes it 
appear that it will be possible to eliminate 
heretofore objectionable vertical motion and 
also image flicker due to light variations in 
this system. The projector then can be 
successfully used with the flying spot scanner 
for color film projection. 


Of Current Interest 


NEW BOOKS eeeee 


The following new books are among those recently \ 


received at the Engineering Societies Library. Un- 


less otherwise specified, books listed have been pre- | 
The Institute assumes no | 


sented by the publishers. 
responsibility for statements made in the following 


summaries, information for which is taken from the | 


prefaces of the books in question. 


TELEVISION FUNDAMENTALS. Theory, Circuits, 
and Servicing. By Kenneth Fowler and Harold B. 
Lippert. 


McGraw-Hill Book Company, Inc., 330 West _ || 
42d Street, New York 36, N.Y., 1953. 524 pages, ||| 


91/4 by 61/4 inches, bound. $7. A manual for radio |} 
technicians, which describes the elements of a modern ||| 
television receiving system, from antenna to picture ||| 


tube, in line with the serviceman’s needs, Basic elec- 
tronic principles and complex circuits are described sim- 


ply and clearly with a minimum of mathematics and il 
engineering analysis. The book includes practical in- || 
stallation procedures, and devotes a chapter to the | 


correction of circuit defects by picture analysis. 


ULTRA HIGH FREQUENCY PROPAGATION. 
By Henry R. Reed and Carl M. Russell. John Wiley 
and Sons, Inc., 440 Fourth Avenue, New York 16, N. Y., 
1953. 562 pages, 91/4 by 61/4 inches, bound. $9.50. 


A study of current information on ultrahigh-frequency — i] 


radio-wave propagation and its relation to the perform- 
ance of the installation as a whole. Much of the 


material is devoted to an examination of dynamic system |} 


performance characteristics by a variation of the other 
elements and parameters of the system. This book pro- 


vides a practical engineering understanding of such © | 
diffraction, || 


critical factors as reflection, refraction, 
turbulence, directivity, and divergence, and points the 


way to ideal installation practices and effective mainte- | 


nance. 


HIGHER TRANSCENDENTAL 
VOLUME I. Compiled by the Bateman Manuscript 


Project at the California Institute of Technology. || 
McGraw-Hill Book Company, Inc., 330 West 42d |) 
302 pages, 91/4 by | 
61/4inches, bound. $6.50. An account of the principal © 


Street, New York 36, N.Y., 1953. 


properties of several classes of important special func- 
tions: the gamma function; the hypergeometric func- 
tion; Legendre functions; 
metric series, and other generalizations of the hyper- 
geometric function; the confluent hypergeometric func- 
tion. These extensive and detailed treatments are the 


work of four outstanding mathematical analysts, and ij 


the work is to be carried on in several subsequent vol- 
umes. 


PROBABILITY TABLES FOR THE ANALYSIS OF 
EXTREME-VALUE DATA. (Applied Mathematics 
Series 22.) National Bureau of Standards. Available 
from Superintendent of Documents, United States 
Government Printing Office, Washington 25, D. C, 
1953. 32 pages, 10!/4 by 78/4 inches, paper. $0.25. 
These specialized tables find use in the statistical 
approach to such practical engineering problems as the 
study of floods and droughts and the fracture testing of 
metals and other materials. The explanatory introduc- 
tion discusses such applications as well as the general 
method of use of the tables, the method of interpolation, 
and so forth. 


DIAMOND TECHNOLOGY. By Paul Grodzinski. 
N.A.G. Press, Ltd., London, England, second edition, 
1953. 784 pages, 81/2 by 58/4 inches, bound. 52s. 6d. 
A comprehensive treatise on the methods and machinery 
used in working diamonds and other gems and hard 
materials. Part I covers machining methods, splitting, 
grinding and polishing, drilling, carving, and the produc- 
tion and use of diamond powder. Part II deals with the 
manufacture of instrument jewels and diamond and sin- 
tered-carbide dies, the selection and setting of industrial 
diamonds, the grinding of sintered carbides, and the 
production of piezoelectric and optical crystals. 


SYMPOSIUM ON CONDITIONING AND 
WEATHERING. (Special Technical Publication, 
number 133.) American Society for Testing Materials, 
1916 Race Street, Philadelphia 3, Pa., 1953. 98 pages, 
9 by 6 inches, paper. $2.25. A wide range of topics is 
covered to provide a broad picture for technologists in 
many lines: the fundamentals of atmospheric elements; 
air conditioning in the manufacture and testing of tex- 
tiles; conditioning and weathering of paper, adhesives, 
plastics, and organic and metallic coatings; outdoor 
exposure testing; and accelerated weathering devices. 
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FUNCTIONS, 


the generalized hypergeo- © 


| construction, and design. 


ALTERNATING CURRENT ELECTRICAL 
ENGINEERING. By Philip Kemp. Macmillan and 
Company Ltd., London, England (available in United 
States from St. Martin’s Press, 103 Park Avenue, New 
York 17, N. Y.) eighth edition, 1953. 680 pages, 
88/4 by 61/4 inches, bound. $7.50. This new edition 
of a standard work presents the latest ideas and practices 
generally accepted in this field of study, at the same time 
maintaining the plan of the original work in adhering to 
principles and processes rather than describing particular 
types of apparatus. The material covered is carefully 
restricted to the main ground indicated in the title and 
in this connection electronics, for the most part, is not 
included. The British Standards Institution symbols, 
notations, and definitions are used. 


AUTOMATIC CONTROL OF HEATING AND AIR 
CONDITIONING. By John E. Haines. McGraw- 
Hill Book Company, Inc., 330 West 42d Street, New 
York 36, N. Y., first edition, 1953. 370 pages, 91/4 by 
61/4 inches, bound. $6.75. An introductory textbook 
which aims to explain and illustrate the basic problems 
of automatic control in the heating and air-conditioning 
field and the principles applied in solving those problems. 
The detailed treatment covers control fundamentals, 
electric- and pneumatic-contro] circuits, electric- and 
pneumatic-control units, and control equipment for 
domestic and commercial heating, unit heaters and 
ventilators, central-fan heating and cooling systems, 
commercial refrigeration, and radiant-panel heating. 


MODULATION THEORY. By Harold S. Black. 
D. Van Nostrand and Company, Inc., 250 Fourth 
Avenue, New York 3, N. Y., 1953. 363 pages, 91/4 by 
61/4 inches, bound. $8.75. The first half of this text is 
concerned with the pertinent general philosophy of 
modulation theory, providing a framework for com- 
parison of systems by such factors as the rate of receiving 
information, redundancy, bandwidth occupancy, thresh- 


_ old effects, signal-to-noise ratio, and so forth. The last 


half gives theoretical treatments of particular modulation 
systems on a unified base resulting from modern in- 
formation theory. 


THE PERFORMANCE AND DESIGN OF ALTER- 
NATING CURRENT MACHINES. By M. G. Say. 
Sir Isaac Pitman and Sons, Ltd., London, England 
(available in United States from British Book Center, 
122 East 55th Street, New York 22, N. Y.), second edi- 
tion, 1952. 636 pages, 88/4 by 58/4 inches, bound. 
$6.75. This textbook deals with the three principal 
types of a-c machines: the transformer, the 3-phase 
induction motor, and the synchronous motor and gener- 
ator. The simple theory of each type is outlined, fol- 
lowed by discussion of modifications more in line with 
actuality and details of performance, control, testing, 
Design is not treated from 
the viewpoint of the commercial designer, but in accord- 
ance with the needs of students of heavy electrical 
engineering in general. 


APPLICATION DE LA NOTION D’ECHAUFFE- 
MENT RELATIF A L’ETUDE DE LA CONVEC- 
TION FORCEE DE LA CHALEUR. By Edouard 
Roche, France, Ministere de l’Air, Publications Scien- 
tifiques et Techniques, Number 267, Paris, France, 
1952. 77 pages, 105/s by 7 inches, paper. Ffrs. 750. 
An application of the theoretical aspects of heat transfer 
to the study of forced convection under various condi- 
tions. Formulas and graphs are developed and applied, 
and tables of the required physical constants of various 
gases and liquids are provided. 


BIBLIOGRAPHY ON INDUSTRIAL RADIOLOGY, 
1950-1952. (Fourth Supplement to Industrial Radiol- 
ogy.) By Herbert R. Isenburger. St. John X-Ray 
Laboratory, Califon, N. J., 1953. 18 pages, 11 by 
81/2 inches, paper. $2. Approximately 500 additional 
references are contained in this continuation of a series 
which now runs to over 3,000 entries. The scope is 
broad, and a wide range of magazines, both domestic 
and foreign, is covered. The arrangement is chrono- 
logical, with no author or subject index. 


CONSTANTES THERMODYNAMIQUES DES GAZ 
AUX TEMPERATURES ELEVEES. By M. G. 
Ribaud. France, Ministere de l’Air, Publications 
Scientifiques et Techniques, Number 266, Paris, France, 
1952. 169 pages, 105/s by 7 inches, paper. Ffrs. 
1,500. A discussion of the thermodynamic constants 
of gases at high temperatures, covering both the theo- 
retical and practical aspects, including corrections to 
be applied in converting from the “perfect gas” state 
to actual gases. Numerical values are presented in 
tabular form for some 50 gases—simple elements, 
inorganic compounds, various hydrocarbons, and some 
monatomic forms, 
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MODERN PLASTICS ENCYCLOPEDIA AND 
ENGINEER’S HANDBOOK, 1953. Plastics Cata- 
logue Corporation, 575 Madison Avenue, New York 22, 
N. Y., 17th edition, 1953. 943 pages, 11!/2 by 81/2 
inches, bound. Available to subscribers to Modern 
Plastics magazine. As in the previous editions, this 
useful reference work presents in detail recent develop- 
ments in plastics engineering and methods, machinery, 
and equipment, and plastics materials. A major section 
is now devoted to film and sheeting, and also to laminates 
and reinforced plastics. The Technical Data section 
includes the large, folded plastics properties chart, and 
the Directory section provides buyers’ guides and a list of 
trade names, 


OPPORTUNITIES IN ELECTRICAL ENGINEER- 
ING. By S. Paul Shackelton, Vocational Guidance 
Manuals, 45 West 45th Street, New York 36, N. Y., 
1953. 128 pages, 77/s by 5%/s inches, paper. $1. This 
manual, designed to aid young people in the selection 
of a career, defines the scope and describes the field of 
electrical engineering, and discusses qualifications, 
educational requirements, licensing, getting a job, 
advancement, opportunities for employment, and 
opportunities in related fields such as manufacturing, 
sales, and law. The Engineers’ Council for Professional 
Development list of “accredited undergraduate engi- 
neering curricula” is appended. 


POWER PLANT ENGINEERING. By Frederick T. 
Morse. D. Van Nostrand Company, Inc., 250 Fourth 
Avenue, New York 3, N. Y., third edition, 1953. 687 
pages, 91/4 by 61/4 inches, bound. $8.75. Although 
extensively revised, this text retains the same objective: 
the presentation of a thorough study of stationary 
power and heating plants, including public service, 
industrial, and institutional varieties. Fundamentals 
are given primary consideration, omitting details and 
dimensions of equipment, and the power plant is 
emphasized as an integrated assembly with more space 
devoted to the small plant than before. Load problems, 
economics, and instrumentation are dealt with. 


REGULATION HYDRAULIQUE D’ALIMENTA- 
TION DES TURBOMACHINES. By Basile Demt- 
chenko. France, Ministere de 1|’Air, Publications 
Scientifiques et Techniques, Number 277, Paris, France, 
1953. 182 pages, 108/4 by 7 inches, paper. Ffrs. 1,500. 
A detailed presentation of schematic and mathematical 
analyses of hydraulic contro] methods of combustion-gas 
flow in turbomachines with particular reference to gas 
turbines and jet propulsion for airplanes, Part I 
contains the theoretical treatment; Part II describes 
applications, including the operation of existing types. 


A SIMPLE GUIDE TO MODERN VALENCY 
THEORY. By G. I. Brown. Longmans, Green and 
Company, 55 Fifth Avenue, New York 3, N. Y., 1953. 
174 pages, 81/2 by 5 inches, bound. $2.50. In this 
concise, general account an outline of the structure of 
atoms, in which particular attention is paid to the 
arrangement of extra-nuclear electrons, leads to a 
detailed consideration of extravalent, covalent, and 
dative bonds. A short account of experimental methods 
and results and simple treatments of resonance, the 
hydrogen bond, and the method of molecular orbitals 
also are given. 


TABLES OF NORMAL PROBABILITY FUNG- 
TIONS. (Applied Mathematics Series, Number 23.) 
National Bureau of Standards, Available from Super- 
intendent of Documents, General Post Office, Wash- 
ington 25, D. C. (a reissue of Mathematical Table 74, 
with corrections) 1953. 344 pages, 10!/2 by 8 inches, 
bound. $2.75. A companion volume to the pre- 
viously published tables of the error function and its 
derivative, this book presents a tabulation of the func- 
tions Q(x) and P(x) to 15 decimal places at intervals 
of 0.0001 in the range of x between 0 and 1, and of 
0,001 for x between 1 and 7.8. An explanatory intro- 
duction and a bibliography are included. 


TIMING ENGINEERING. By Myrten G. Saake. 
Ribble Engineering Company, 74-80 Montgomery 
Street, Jersey City 2, N. J., first edition, 1953. 243 
pages, 91/4 by 61/4 inches, bound. $5. This first 
full-length reference book on industrial timers covers 
basic design, construction, and application in relation 
to automation.of machinery and processes. Single- 
and multiple-circuit program timers and single- and 
multiple-circuit automatic reset timers are described in 
detail with circuit diagrams. Synchronous-motor- 
driven timers are mainly considered but brief mention 
is made of electronic, pneumatic, and thermal timers, 
A separate chapter deals with automatic counters. 


Of Current Interest 


PAMPHLETS eecee - 


The following recently issued pamphlets may be of 
interest to readers of “Electrical Engineering.” 
inquiries should be addressed to the issuers. 


Electronic Components. 
of the Electronic Components Symposium 
held April 29-May 1, 1953, have been pub- 
lished. The complete text of some 30 papers 
by recognized authorities in the electronics 
industry is contained in the proceedings. 
The general sessions under which papers 
were presented and have been published are 
General Component Problems, Environ- 
ment and Packaging, Tubes and Tube 
Reliability, Component Reliability, Resis- 
tors, Capacitors and Dielectrics, and Devices 
and Materials. $4.50. Available from Los 
Angeles Division of Stanford Research Insti- 
tute, Suite 1011, 621 South Hope Street, 
Los Angeles 17, Calif. 


Engineering Formulas and Tables. Newly 
revised, this pocket-size data book includes 
basic formulas, design data, and tables. 
Sections include mathematics, measures, 
materials, gauges, screws, mechanics, elec- 
tricity and magnetism, hydraulics, structural 
data, reinforced concrete, pipe and fittings, 
steam tables, and mathematical tables. 350 
pages. $2.75. Order from Lefax Publishers, 
Philadelphia, Pa. 


Fuse Specifications. The International 
Electrotechnical Commission has published 
a Specification for Fuses for Voltages Not 
Exceeding 1,000 Volts for Alternating and 
Direct Currents. The publication fixes the 
characteristics necessary in specifying the 
conditions of design and operation of fuses. 
The Commission also has named in the book- 
let: requirements relating to breaking ca- 
pacity, time-current zone, cutoff character- 
istic, temperature rise, insulating character- 
istics, watts loss in fuse links, and protection 
against contact with live parts. Tests which 
must be met to insure the compliance of 
fuses with the requirements, together with 
the methods for making tests, also are speci- 
fied. The publication contains internation- 
ally agreed upon definitions pertaining to 
fuses and a special section of markings on 
fuse links, fuse bases, and fuse carriers. 49 
pages. $1.75. Available from the American 
Standards Association, 70 East 45th Street, 
New York 17, N. Y. 


Frequency Spectra and Fault Transients 
of a D-C Generator. This report of experi- 
ments carried out by the Naval Research 
Laboratory with a d-c generator points out 
that the eddy currents which have an appre- 
ciable effect on generator operations can be 
treated mathematically and the fault-current 
transients calculated. The methods used in 
this work are so general that engineering tech- 
nicians and generator builders may use them 
readily in any system having a d-c generator 
as a component. 24 pages. 75¢. Available 
from the Office of Technical Services, United 
States Department of Commerce, Washing- 
ton 25, DSC; 
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A TRUE 


ELECTROSTATIC 
VOLTMETER 
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This instrument permits voltage 
readings on AC or DC circuits of 
very high resistance. The only cur- 
rent drawn is the very small leak- 
age current and a very low 
capacitance current on AC circuits. 
Very useful for the many high volt- 
age—lowcurrentcircuits employed 
in nuclear research. Available with 
full scale voltages ranging between 
300 and 3500 volts. Special lab- 
oratory instrument available with 
full scale reading of 150 volts. Full 
scale capacitance ranges from 8 
mmfds for the 3500 volt model to 
100 mmfds for the 150 volt instru- 
ment.Magneticdamping. 24 dial. 
Write for complete specifications. 


FERRANTI ELECTRIC, INC. 
'30 Rockefeller Plaza ® New York 20, N.Y. 


FERRANTI, LTD., Hollinwood, England 
FERRANTI ELECTRIC, LTD., Toronto, Canada 
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Westinghouse Notes. Marcus N. Brooks 
has been appointed purchasing agent for 
the Television-Radio Division, Metuchen, 
N. J. He will have his offices at the divi- 
sion’s new headquarters plant located in 
nearby Raritan Township, where television 
sets are assembled. 

Robert H. Wagner has been appointed 
general application engineering manager 
of the Westinghouse Elevator Division in 
Jersey City, N. J. In his new post, he 
succeeds Edward B. Dawson, who recently 
was named division engineering manager. 


General Electric News. General Electric’s 
Tube Department climaxed its biggest year 
of warehouse growth with a formal dedica- 
tion of its new 25,000-square-foot western 
regional warehouse at 11840 Olympic 
Boulevard, Los Angeles, Calif. The new 
facility will house General Electric’s western 
tube sales offices, an extensive commercial 
engineering laboratory, and commercial 
service offices, in addition to the tube 
processing and storage areas. The ware- 
house will serve California, Oregon, Wash- 
ington, Idaho, Nevada, Arizona, Utah, 
and parts of Montana and Wyoming. 

The Electronics Division, Syracuse, N.Y., 
has announced the establishment of a com- 
mercial equipment department to concen- 
trate the division’s efforts in such areas as 
monochrome and color television station 
equipments, industrial radio and micro- 
wave communications, and germanium 
products. William J. Morlock has been 
appointed manager of the new department. 

Two appointments in the appliance 
control department, Schenectady, N. Y., 
have been announced. B. R. Elam, Jr., 
will be in charge of promotional activities 
for the department’s full line of controls 
for appliance and home heating industries. 
Robert F. Dee was appointed market re- 
search specialist with duties related to the 
study of industry trends, market possibili- 
ties for new products, and short-term fore- 
casting. 

The appointment of Aaron M. Krakower 
as manager of electronic and high-voltage 
transformer sales for the newly formed 
specialty transformer department, Sche- 
nectady, was announced. 

Three key appointments in the communi- 
cation equipment department in the Elec- 
tronics Division at Syracuse, have been 
announced. Lacy W. Goostree, Jr., was 
appointed manager of marketing, Charles 
M. Heiden was named manager of engi- 
neering, and Clair C. Lasher was appointed 
manager of manufacturing. 

Increased manufacturing facilities at the 
receiving tube plant at Tell City, Ind., will 
be housed in a newly completed 44,000- 
square-foot plant addition. All component 
parts and mounts for receiving tubes will 
be processed in the new addition, for proc- 
essing into completed tubes in the plant. 

Three appointments in the germanium 
products unit of the commercial equipment 
department have been announced. James 
H. Sweeney has been named manager of 
marketing. James E. Keister was ap- 
pointed manager of engineering and Theo- 
dore E. Jamro was named manager of 
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manufacturing. Mr. Sweeney and Mr. 
Keister will make their headquarters at 
Electronics Park in Syracuse, while Mr. 
Jamro will have his headquarters at the 
company’s germanium products plant at 
Clyde, N. Y. 

Vincent P. Gregg has been appointed 
product planner for the company’s specialty 
motor department in Schenectady. Mr. 
Gregg’s duties will include the integrating, 
planning, and timing for various product 
lines and programs. 


Du Mont Appointment. William H. 
Kelley was named vice-president in charge 
of marketing of Allen B. Du Mont Labora- 
tories, Inc. Mr. Kelley is widely known in 
the radio and television trade as one of the 
nation’s most successful sales and merchan- 
dising executives. 


Raytheon Promotion. Gordon S. Humph- 
rey, executive assistant to the general man- 
ager of Raytheon Manufacturing Com- 
pany’s equipment division, has been ap- 
pointed an assistant vice-president of the 
company. Mr. Humphrey, who has been 
with Raytheon for 10 years, joined the 
company during the early years of World 
War II to handle its government contract 
negotiations and to organize and develop 
a government contract department. 


Du Mont Service Representative. The 
addition of Pinkney and Hine of Minne- 
apolis, Minn., as service and repair repre- 
sentatives for Du Mont Oscillographs 
makes a total of 13 authorized service 
centers. Pinkney and Hine, 522 Plymouth 
Building, Minneapolis, Minn., are selling 
agents for technical products of Allen B. 
Du Mont Laboratories, Inc., and now have 
been authorized to service and repair Du 
Mont cathode-ray oscillographs and acces- 
sories. 


New Association. Official organization of 
the Magnetic Recording Industry Associa- 
tion was announced recently by the organi- 
zation’s newly elected president, Joseph R. 
Hards, vice-president of A-V Tape Li- 
braries, New York, N. Y. Nineteen mem- 
bers of the new trade association of mag- 
netic recording equipment and media 
manufacturers met to vote on the constitu- 
tion and bylaws of the group and to elect 
its officers and board members. 


IT&T Appointments. The appointment 
of Brigadier General Peter C. Sandretto, 
United States Air Force Reserve, as tech- 
nical director of the Federal Telecommuni- 
cation Laboratories, Nutley, N. J., a divi- 
sion of International Telephone and Tele- 
graph Corporation, has been announced. 
He was formerly assistant technical direc- 
tor. General Sandretto joined the cor- 
poration in 1946 and has served since in 
key executive positions in the field of aero- 
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Poles top-heavy with crossarms and wires. A viscious ice 
storm. Heavy winds. Broken poles and wires. It is the night- 
mare of power outage and costly replacements. 

You can minimize this expense and customer dissatis- 
faction by standardizing on Rome self-supporting cables. 

Manufactured to your specification, with either copper or 
aluminum conductors, Rome self-supporting cables utilize 
the time-proven construction of insulated power conductors 
spiralled around, or bound to a neutral or supporting mes- 
senger. These cables are mechanically predesigned, with 
a large factor of safety, to anticipate ice and wind loading. 


Low installation and maintenance costs 


You will realize substantial savings with Rome self-support- 

ing cables, both in installation and maintenance. Cross- | 
arms can be eliminated, less hardware is required and, i 
often, fewer poles because of longer spans. Maintenance 
costs are lower, too. Requiring no common covering, con- 
ductors are readily accessible for easy taps. Tree trimming | 
is minimized through excellent resistance to abrasion. | 


Longer service life in all weather 


Insulated or sheathed with RoLene (polyethylene) or Ro- ! 
Prene (Neoprene), Rome self-supporting cables are unaf- } 
fected by sunlight, moisture and corrosive atmospheres. 
There are no fibrous braids to rot and festoon. Replacement 
is kept to a minimum. Better voltage regulation is, also, a 
factor because of lower reactance due to the close spacing 
of insulated conductors in long or heavily loaded circuits. 

Whether for 600 volts or 15,000 volts, if it is going over~ 
head, it will pay to do as so many others are doing... check 
the advantages and economies of Rome self-supporting 
cables. They are cables engineered to the service involved. | 
The coupon below will bring you information on their | 
properties and characteristics. 


Wind and ice loading are kept at a minimum by 
Rome self-supporting cables. They reduce cross- 
arms and permit shorter poles. 


You'll find a wealth of helpful information on 
physical and electrical characteristics, speci- 
fications, dimensions and installation data on 
Fewer accessories, reduced cable cost and cleaner, these and other Rome wires and cables in 


; F ; ipl Bulletin S-5, and the Power and Control 
neater ener result from using Rome Triplex Gable Catelcn. ed orwhem todas Mell 
service drop : 


the coupon. 


ROME CABLE CORPORATION, Dept. EE-12, Rome, N. Y. 
ed re) | fe C A 34 L ie Please send copy of .... Bulletin RS-5; ........ Rome Power and 
0 


Control] Cable Catalog. 


Corporation ROL g care eee eee as ee ia a 


( Cara Ce aa SS eee eee ace ono onc osoncecceo pee eeeente o eeenconede 
Address 


TORRANCE = CALIFORNIA 
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«eef0 give you a complete line of 


| H:EVE BURY, 
CONTROL CIRCUIT TRANSFORMERS 


Now available in smaller transformers is the same high standard of 


construction and electrical characteristics proved so successful by our 
larger sizes. Designed specifically to handle high inrush currents en- 
countered in industrial machine control, these transformers provide better 
regulation of circuit voltage. Specify Hevi Duty Transformers to assure 
yourself of dependable service. Available in sizes from 50 V.A. through 
10,000 V.A. Write for Bulletin T-5111. 


HEVI DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN — 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 
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nautical radio engineering. Henry G. 
Busignies, former technical director, has 
been appointed a vice-president and mem- 
ber of the Management Advisory Board. 

Henry C. Rowmer, president of Federal 
Telephone and Radio Company, has been 
designated as vice-president in charge of 
the administration of the Domestic Divi- 
sions of the International Telephone and 
Telegraph Corporation. These divisions 
are Federal Telephone and Radio Com- 
pany, Clifton, N. J.; Federal Telecom- 
munication Laboratories, Nutley, N. J.; 
Kellogg Switchboard and Supply Com- 
pany, Chicago, Ill.; Coolerator Company, 
Duluth, Minn.; and Capehart-Farnsworth 
Company, Fort Wayne, Ind. 

Raymond S. Perry has been elected 
president succeeding Mr. Rowmer. In 
assuming the presidency of Federal, Mr. 
Perry brings to that post wide experience 
in the fields of electronics and communica- 
tions. 

The appointment of J. A. Frabutt as 
general sales manager was announced. 
Mr. Frabutt fills the vacancy on the ad- 
ministrative staff created by the recent 
designation of Mr. Perry. 


New Manager. The appointment of Dr. 
O. G. Haywood, Jr., as manager of engi- 
neering planning of Sylvania Electric 
Products, Inc., was announced. In his 
new position, Dr. Haywood will co-ordinate, 
in co-operation with executives of the 
operating divisions and research labora- 
tories, Sylvania’s engineering planning in 
fields of lighting, radio, electronics, and 
television. 


Philco Changes. Philco International 
Corporation has announced the transfer 
of its sales and advertising departments to 
Philadelphia, Pa., from New York City. 
The company maintains export warehouses 
in Philadelphia, New York City, and 
Middletown, N. Y., as intermediary points 
for storage of Philco products intended for 
shipment to practically every country in 
the world outside the iron curtain. 

James J. Shallow, sales manager, Philco 
Distributors, Inc., of Philadelphia, has been 
appointed general manager of the Acces- 
sory Division of Philco Corporation. 


Completion of Palermo Power Plant. 
Construction of the Palermo Steam Power 
Plant in Sicily, Italy, has been completed. 
Designed and engineered by The Kuljian 
Corporation, the new Palermo station was 
financed by the Economic Co-operation 
Administration program of the United 
States and is located in the city of Palermo, 
Sicily, adjacent to the Mediterranean Sea. 
It is owned by a public utility, ‘‘Societa 
Termo-Elattrica Siciliana.’’ The Palermo 
plant consists of 30,000-kw units plus out- 
side fuel-handling facilities, intake and 
discharge channels. The Economic Co- 
operation Administration Citation Award 
was presented to The Kuljian Corporation 
for outstanding performance on this project, 
one of the few presented to an engineering 
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An electro-metalurgical producer is drawing a 
large annual power bonus because National max- 
imum-capacity design boosted the capacity of his 
generator by 15.9 per cent. Increased output will 
pay for the complete rewinding job in a little more 
than two years.* 


“As good as new” is mot good enough for 
National. A generator or motor with National 
replacement windings must be better than new. 
Every phase of National engineering and pro- 
duction is directed toward this objective. 


Redesign for maximum capacity is typical of 
extras you can count on from National. Where 
increased output can be used or sold, National 
replacement windings will pay for themselves 


over a very short period of time. Where it cannot 
be utilized, extra capacity reduces operating tem- 
peratures and results in substantially longer coil 
life. 


If you operate heavy rotating electrical equip- 
ment for any purpose, you can operate it more 
profitably with National windings. Get in touch 
with your nearby National field engineer today. 
Find out how National maximum-capacity design 
and National extra-quality coils can help your 
motors and generators 
do a better job. 


*Complete details on 
this installation avail- 
able on request. 


NATIONAL ;.LEGCTRIC (COIL (COMPANY 


ELECTRICAL ENGINEERS: MAKERS OF ELECTRICAL COILS AND 
REDESIGNING AND REPAIRING OF ROTATING 


INSULATION— 


ELECTRICAL MACHINES 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 
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firm in recognition of superior work done 
for peoples of other countries. — 


New Magnecord President. The election 

of William L. Dunn, former vice-president — 

e of the Television and Radio Division of © 
Raytheon Manufacturing Company, as 

Y/ president of Magnecord, Inc., was an- — 
{| nounced by Glenn D. Roberts, retiring presi- 


MEASURING EQUIPMENT 


facturing company. Mr. Dunn resigned 
y Coverage —14kc to 1000 mc! 


from Raytheon where he headed the sales 
and engineering departments. 


Atomic Industrial Forum Changes. 
Charles E. Robbins, formerly vice-presi- 
dent of Bozell and Jacobs, Inc., has been 
appointed executive manager of the Atomic 


14ke to 250kc Industrial Forum, Inc. Oliver Townsend, 

: ; formerly the assistant to the chairman of 
Commercial Equivalent of (erMS Encegy’ CannunGee eee 
AN/ URM-6B. named as assistant executive manager and 


Very low frequencies. 


secretary of the forum. 


BullDog Names District Manager. Bull- 
Dog Electric Products Company, Detroit, 
Mich., has appointed J. Donald Akers as 

. district manager of its Detroit, Mich., sales 
150ke to 25mc office. He will direct the sales activities of 


Commercial Equivalent of AN/PRM-IA. the eer, sales staff in the Detroit 
Self-contained batteries. A.C. supply pains seer 

optional. Includes standard broadcast 

band, radio range, WWV, and commu- 

nications frequencies. 


NEW PRODUCTS ee 


Mirror-Back Picture Tube. CBS-Hy- 
tron’s mirror-back picture tube reinforces 


15mc to 400mc 


light output producing a brighter and 
Commercial Equivalent of sharper picture with greater contrast, 
reduced strain on component parts, full 
TS-587/U. effective screen potential maintained by 


Frequency range includes 
FM and TV Bands. 


metallic contact between anode and screen, 
and longer life because of the reduction of 
cathode drain. Employment of a mirror- 
like principle virtually doubles the picture 
brilliance of the CBS-Hytron 247P4/- 
24CP4A, 27EP4, and 27RP4 mirror-back 
tubes, without additional strain on com- 


375me to 1000mc Breer ised screen television sets 
Commercial Equivalent of 
AN/URM-17. 


Frequency range includes 
Citizens Band and UHF 
color TV Band. 


Inverter Control. Jack and Heintz, Inc., 
Cleveland, Ohio, has announced the 
manufacture of a new speed and voltage 
regulator assembly designated as the FRS. 
It will be incorporated on all Jack and 
Heintz 1,500- and 2,500-volt-ampere in- 


These instruments comply with test equipment requirements verters. ‘The /RS combines into one unit 
of such radio interference specifications as MIL-I-6181, the functions formerly performed by two 
MIL-1-16910, PRO-MIL-STD-225, ASA C63.2, 16E4, AN-I-24a, separate uniti; the speed gore aoe 


the voltage regulator. Both frequency 
AN-I-42, AN-I-27a, MIL-I-6722 and others. and voltage regulation in the assembly 


employ carbon-pile amplifiers rated 45 
STOD DA RT Al RC RA FT R A D i 0 Co In C watts. Additional information may be 
e7 UO obtained from Jack and Heintz, Inc., 


6644-B Santa Monica Blvd., Hollywood 38, California * Hollywood 4-9294 wa oad Ak RLEeee 
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components. Exclusive IRC molding technique 
bonds Kel-F* to metal in a superior and 
consistent hermetic seal. Type HS-1 terminals are 
designed to the sealing requirements of 
MIL-T-27. Send coupon for data bulletin. 


183 = .002 


.285 + .002 


MATERIAL 

erie ol ok eee: Phosphor Bronze 
spite le ays ware shots *Kel-F (Trifluorochloroethylene polymer) 
Fy er ROO een tee eas CRI CRer ca IeRRE oCR cn) dictnuthd Brass 
SO, Mei ee, HERE Oe tne tre Natural or tin plated 

SPECIFICATIONS 
COFFEE ROMO 2 ert ieee cictetaree 6g oivneraire tess «50.0 CR Rem 15 amps. 
Dielectric Strength.............-00020ee 5000V (RMS) 60 cps 
Corona Starting Voltage............. over 2000V (RMS) 60 cps 
Air: PreSSULG AV OSHe Mic shite sce iors if etd a 6S cre eudiele ness 20 pounds/sq. in. 
TerminalwPall lest: Gerctxcck kd eeelekeve har eea wise eared eee 7 pounds 
Torque Test... ......10 inch ounces applied to central conductor 
Insulation Resistance.............---- over 10,000,000 megohms 
Maximum Continuous Operating Temperature............ 150°C. 
Short Time or Intermittent Operating Temperature........ 200°C. 


Bessorencenincranemenmeioricncesnsrommnenetinet 


*Trademark—M. W. KELLOGG CO. 


ster Multipliers * Boron & 
d Carbon Precistors « 
dComposition Resistors > _ 
istorssVolumeControis _ 
nds > 


IRC’s new FEED-THRU TERMINALS provide 
assured hermetic sealing for electrical and electronic 


LE RRS TET SL SLEEPER EEUU NASON CE SLUR 


NOVY 


Kel-F* hermetic sealing terminals 


: 
i 
: 
: 


‘© organi 


solvents, a ils, fumes. 


__ IRC’S KEL-F* MOLDING TE 
ARE AVAILABLE FOR ¢ 
_ MOLDING. INQUIRIES AR 


INTERNATIONAL RESISTANCE CO. 


411 N. Broad Street, Philadelphia 8, Pa. 
In Canada: International Resistance Co., Ltd., Toronto, Licensee 


Please send Technical Bulletin HS-1, describing hermetic 
sealing terminals: 


NOM@! 8 oon mccsnecsocecenpascsaccnenocn~ so aeseseneeewes * 
Wile Jock ccaue cecet oaanca lee scsaeseaseenee nee Seacaeee ae “e 
Company”. 23-09: 2a26+ soe os secosce se ee ee acosae eee eee conn ee 
DE ICT De se SSR 1S ee Bees 
Citys: 2s Sac enswassneeaunwaaceeee Slate c= uence cases 
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TRUTHERS 
“DUNN 


Struthers-Dunn, Inc., 150 N. 13th St., Philadelphia 7, Pa. 


BALTIMORE © BOSTON @© BUFFALO @ CHARLOTTE @ CHICAGO e CINCINNATI 
CLEVELAND @ DALLAS ¢@ DETROIT e KANSAS CITY e LOS ANGELES 
MINNEAPOLIS @® MONTREAL @ NEW ORLEANS @ NEW YORK e PITTSBURGH 
ST. LOUIS @ SAN FRANCISCO e@ SEATTLE @ SYRACUSE e TORONTO 
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Power Resistor. Castohm, a radically 
new type of fixed wire-wound power 
resistor, has been developed by the Shall- 
cross Manufacturing Company, Colling- 
dale, Pa. Through a unique process, the 
windings of the new resistors are firmly 
imbedded in a special ceramic which forms 
an integral coating and core. Thus, by 
eliminating the usual heavy ceramic core, 
Castohm resistors have been made in 
smaller diameters and with almost 25 
per cent less weight than-—conventional 
tab terminal power resistors of comparable 
wattage ratings. Engineering Bulletin 
L-29, which gives complete specifications, 
typical laboratory test results, and physical 
and mounting dimensions, is available on 
letterhead request to the manufacturer. 


Vibration Relay. A new protective 
device, which initiates a signal when 
excessive vibration due to unbalance 
occurs in large rotating equipment, has 
been announced by the General Electric 
Company’s Special Products Section. The 
vibration relay, specifically engineered for 
apparatus which is left unattended for 
long periods, can be used on such equip- 
ment as turbine or water-wheel generators, 
large motors, blowers, steam or gas 
turbines, and centrifuges. It has an 
operating range which allows its use at 
speeds from 300 to 18,000 rpm to energize 
warning-alarm, corrective, or shut-down 
devices at preset vibration of acceleration 
values up to 20 accelerations of gravity. 
Design features permit easy calibration in 
the field and safe installation where dust 
conditions exist. 


Tape Recorder. The Magnecorder M80, 
designed for 10!/:-inch reels and incorpo- 
rating all the latest features of advanced 
design and precision engineering, has been 
introduced by Magnecord, Inc. Among 
its features are slot loading, unitized con- 
struction, and full-range frequency re- 
sponse from 30 to 15,000 cycles per second 
at 71!/,-inches-per-second tape speed. 
Other features include an automatic tape 
lifter which raises the tape from the heads 
during rewind and high-speed forward 
operations, push-button controls, and 
positive timing, assured through direct 
tape drive in conjunction with electric 
supply and take-up torques. Both play- 
back and record amplifiers use direct- 
coupled cascade input stages which produce 
maximum signal-to-noise ratio. The unit 
also features 2-speed operations with dual 
equalization, detachable snap-on head 
covers, 4-channel mixer, facilities for re- 
mote control operation, and interchange- 
able head assemblies permitting full-track, 
half-track, or instrumentation recording. 


Monitran. The Monitran, a low-powered 
radio-frequency television transmitter de- 
signed to meet broadcasting station moni- 
toring needs, is now available from the 
Broadcast Equipment Section of the 
Engineering Products Department, it was 
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Federal Noark benchboard completely controls 
routing of parcel post to and from three St. Louis 
buildings by complex conveyor system served from 
four Federal 300 kva unit substations and control 
centers. General Contractor, H. B. Deal Company; 
Contracting Electrical Engineers, Electric Service Com- 
pany... both of St. Lovis. 


breaker feeding a close-coupled control center. 
Secondaries from all units can be tied together 
through Federal Noark Bus Duct. 


PARCEL POST in St. Louis is now rapidly moved 
by the Terminal Railroad Association’s new con- 
veyor system from Union Station, a new Terminal 


building, and the Post Office. This system, the most 
elaborate of its kind in the country, is powered 
from four Federal Noark Unit Substations and con- 


The benchboard completely outlines the-entire 
system and can select any number of conveyor 
arrangements which are instantly indicated by 


illuminated routings shown-in miniature. 

Here is another example of Federal’s ability to | 
handle your distribution or control problems. Re- | 
member, Federal Noark has the engineering skill 
and manufacturing facilities to provide exactly the 
right equipment for your requirements. 


trolled by a specially-designed Federal Noark indi- 
cating bench board. 

The unit substations are 300 kva, 4180/480 volt, 
3-phase. Each has a three-position fused primary 
selector switch so that either of two primary sources 
can be selected. Each station has a main secondary 


Federal Electric Products Company 
50 Paris Street, Newark 5, New Jersey 


Federal Noark products: Stab-lok Circuit Breakers, 
Motor Controls, Safety Switches, Service Equipment, !ndus- 
trial Circuit Breakers, Panelboards, Switchboards, Control 
Centers, Bus Duct — Pacific Electric Manufacturing 
Corporation products: High voltage circuit breakers and 
power switches % Sales offices in principal cities, 
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Is it the reputation for reliability 
that Erie has earned over the years? 
Is it the dependable way that every 
Niagara Transformer has per- 
formed? Is it the fact that delivery 
promises are commitments that we 
take seriously? Yes, these are all 
important reasons why people all 
over the world come back again and 
again for Niagara Transformers. 


BUT ... there’s a hidden plus 
value that makes all this possible. 
It’s the ATTITUDE of the people 
here at Erie Electric that actually 
build the transformers. These men 
grew up in the transformer business 
and their pride in their workman- 
ship, we believe, is rare these days. 
They just won’t let a shoddy piece 


"Why do so MANY people decide on 


NIAGARA 


TRANSFORMERS?” 


NIAGARA 500 KVA, 60 cycle, single 
phase, 2400/4160Y - 240 x 480 volt 
oil-immersed  self-cooled transformer 
conforming to EEI-NEMA 5th report. 


of work slip by. That’s a plus value that doesn’t increase your price 
but it sure increases the reliability of your transformer. Make sure 
that Erie Electric quotes on your next transformer. 


ative book. 


KO 


ERIE ELECTRIC CO., INC., 114 CHURCH ST., BUFFALO, N. Y. 


Send for this FREE BOOK! 


Get acquainted with all the plus values in a Niagara Transformer. 
Write on your letterhead for this big, fully illustrated and inform- 


OFFICES IN ALL PRINCIPAL CITIES 


POWER> LIGHTING «LOAD CENTER OIL-IMMERSED » DISTRIBUTION » UNIT SUBSTATION » DRY-AIR COOLED » NON-INFLAMMABLE 
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announced by the RCA Victor Division, 
Radio Corporation of America. The 
Monitran develops both a picture and a 
sound carrier on any one of the very-high- 
frequency television channels, and requires 
but a single coaxial cable to feed its moni- 
toring signal to one or more receivers at 
any point in the television studio. Several 
Monitran units can be used simultaneously 
on different channels to provide a selection 
of signals at television monitor receivers 
by tying their outputs together with an 
inexpensive resistor matching network and 
connecting the common radio-frequency 
output, in turn, to the station’s coaxial 
feed line. 


Two Residential Heat Pumps. A com- 
pletely automatic heating and air-condi- 
tioning system that requires combustion 
and uses no water is now available from 
the Westinghouse Electric Corporation. 
Called the Type HP Heat Pump, the new 
system keeps the home at the proper 
temperature for maximum comfort 
throughout the year. It provides heat in 
the winter, cooling and dehumidification 
in the summer, and ventilation, circula- 
tion, and continuous cleaning of the air. 
The all-electric unit depends solely on 
air for its exchange medium. In summer 
it draws heat from inside air and discharges 
it to the outside. In winter the heat 
pump reverses itself, draws heat from 
outside air, and delivers it to the inside. 
Completely automatic operation of the 
reversing cycle is made possible by the 
development of a simplified transfer valve 
for refrigerant flow control. This device 
when connected with a wall thermostat 
automatically switches the unit from 
heating to cooling, and conversely. For 
further information, write the Westing- 
house Electric Corporation, Air Condition- 
ing Division, Department 7-356, 200 
Readville Street, Hyde Park, Boston 36, 
Mass. 


Fine Fibered Pipe Insulation. Owens- 
Corning -Fiberglas Corporation now is 
manufacturing a finer fibered preformed 
pipe insulation which includes all the 
advantages of the old product plus more 
resistance to abuse, easier handling, and 
improved thermal efficiency. For use 
at temperatures from subzero to 450 
degrees Fahrenheit, the new pipe insula- 
tion, like the old product which it replaces, 
is available with canvas coverings or vapor 
seal jackets for cold lines and with a 
waterproof felt jacket for outdoor use. 


Remote Sync Hold Unit. Federal Tele- 
communication Laboratories, a division of 
International Telephone and Telegraph 
Corporation, have added a Remote Sync 
Hold unit to their line of studio television 
equipment. Designated as the FTL-87A, 
it is designed to bring a studio synchroniz- 
ing generator into exact synchronization 
with the sync component of a remote 
video signal. ‘This is accomplished on a 
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TESTING AND INSPECTION 


LABORATORY CUTS TEST TIME WITH G-E HI-POT TESTER. NO CAGES OR TAPE NEEDED. 


Bendix Aviation Uses G-E Hi-Pot Tester 
To Maintain Quality and Cut Test Time 


The Pacific Division Development 
Laboratories of Bendix Aviation Cor- 
poration, Burbank, Calif., develops and 
manufactures equipments for the elec- 
tronic and aviation industry. To assure 
quality products, they use General 
Electric high-potential testers. R. M. 
Combes, Chief Engineer at the Labora- 
tory, says, ‘“The product is used to main- 
tain quality control, for continuity and 
good soldered joints. It measures break- 
downs as far as wiring and switching 
relays, and stability of relays are 


Viscosity checks can be made quickly and 
easily—vsually in about 20 to 40 seconds. 
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concerned; and in production it is a 
standard piece of test equipment to 
maintain quality.” 


MINIMIZES TESTING HAZARDS 
Because the output current of the 
G-E tester is limited to a maximum of 5 
milliamperes, no barriers, cages, or 

white tape are needed while testing. 


BULLETIN AVAILABLE 
Price is $226.20.* For further in- 
formation, check coupon for Bulletin 
GEC-700. 


Viscosities Easily and 
Accurately Determined with 
G-E Zahn Viscosimeter 


@ Easy to use—no special skill required. 

@ One-piece construction of the stainless- 
steel cup reduces danger of breakage. 

@ Retains accuracy—the orifice will 
maintain its size for years. 

@ Resists corrosion—viscosimeter may 
be left in the liquid between readings. 

@ Eliminates confusion of converting 
viscosity units. 

@ One, simple operation. 


For further information check coupon 
for Bulletin GEC-339. 


G-E Insulation-resistance Meter 
Cuts Insulation-failure Rejects 


Reduction of rejects due to insulation 
failure is easily accomplished with a 
General Electric insulation-resistance 
meter. 


Insulation-resistance meter requires no hand 
cranking, thus saves valuable time. 


Since the maximum output current is 
limited to two milliamperes, the meter 
can be operated safely. It can be used 
wherever 115-volt, 50- or 60-cycle power 
is available. Insulating resistance can be 
measured over a range of 020,000 
megohms. Price $304.20.* Check the 
coupon for GEC-753. 


* Manufacturer’s suggested retail price. 


rere ep: | 


Section 605-58 
General Electric Company 
Schenectady 5, N. Y. 


Please send me the following bulletins 

(describing products on these and the 

foregoing two pages): 

0 Measuring Equipment Catalog 
(GEC-1016A) 

© Molecular Vacuum Gage (GEA-986) 

OC Type PM-10 Oscillograph (GEC-449) 

C0 Type PM-18 Oscillograph (GEC-580) 

OC Vibration Equipment (GEC-853) 

OC Insulation-resistance Meter (GEC-753) 

C0 High-potential Tester (GEC-700) 

J Zahn Viscosimeter (GEC-339) 
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Molded Nylon cap pro- 


icall 
Terminals are hermetically WAG tht tecrhielé, 


sealed by exclusive process 
developed for Cannon’s widely 
acclaimed hermetically sealed 


Molded ‘‘Silcan’’ cap 
electric connectors. 


protects the return 
spring and plunger end. 


Insulation test: 1000vac 


The armature (plunger) and the 
anvil are high quality annealed 
Armco magnetic ingot iron. 


TRUE 


hermetic sealing 
in this new 


CANNON (Cc 


SOLENOID 


For pressurized or corrosion resistant 
service, Cannon’s dc Solenoids offer posi- 
tive hermetic sealing, sound construction, 
painstaking workmanship and high- 
est quality materials. A vitreous insulat- 
ing material is heat-fused to shell and 
contact terminals, creating a perfect seal. 
Other parts are silver brazed. The en- 
tire solenoid is then copper-nickel-chrome 
plated to insure complete coverage, high 
corrosion resistance and long, trouble-free 
service. Solenoid No. 19760, above, the 
first hermetically sealed product of this 
type, is built for continuous duty on 28v 
dc systems. Fitted with other coils, it 
renders intermittent duty as characterized 
by the chart at right. Cannon’s hermeti- 
cally sealed solenoid series reflects the 
same uncompromising attention to details ie V2 % 
of sound design, engineering and work- SOLENOID STROKE (INEHES) 
manship that has made the name “Can- 
non” synonymous with “quality” for more 
than 38 years. For complete information 
write for new Solenoid Bulletin DCS4- 
1953 showing 105 different assemblies. 


TRACTIVE FORCE (POUNDS) 


Mie li ttt 
BE ae 


y | 


| fie 
[S| 


SED 
Ee 
ae 


Solenoids of the hermetically sealed 
19760 series, through modification of the 
coil windings, can meet various charac- 
teristics and specific applications within 
the limits indicated above. 


CAININONIELE CT RIC 


Since 1915 
CANNON ELECTRIC COMPANY, LOS ANGELES 31, CALIFORNIA 


Factories in Los Angeles, Toronto, New Haven. © Representatives in principal 
cities. Address inquiries to Cannon Electric Company, Dept. L-117 Los 
Angeles 31, California. 


CANNON 
ELECTRIC 
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gradual basis, so that a local program 
will not roll on home receivers while the 
sync generator is being locked to the 
remote sync. Once local-remote syn- 
chronization is established, montages, 
superpositions, and other special effects 
can be produced using both local and 
remote or network video signals simul- 
taneously through the use of additional 
units such as the FTL-93B Poly-Efex 
Scanner. ~ 


225-Ampere Circuit Breaker. I-T-E 
‘* J” frame circuit breaker is more compact 
than former 225-ampere design without 
sacrificing any protective features. Meas- 
uring only 9 inches wide by 11 inches in 
length and 5!/, inches deep, the J frame 
saves space in switchboards, distribution- 
type panelboards, power panels, bus 
plugs, combination motor starters, and 
individual enclosures. New design features 
include enclosed terminals that provide 
added safety and reduce the possibility of 
phase-to-phase faults. External instan- 
taneous trip adjustment provides five 
separate instantaneous trip-point settings. 
Solderless pressure-type cable connectors 
allow quick and easy cable connection. 
Rear connection studs simplify switch- 
board mounting. The J frame is a thermal- 
magnetic circuit breaker with quick-make, 
quick-break operating mechanisms. Com- 
mon trip operation is retained; an over- 
current on any pole opens all poles simul- 
taneously. Extra auxiliary devices such 
as shunt trips, undervoltage trips, auxiliary 
and alarm switches are mounted internally 
within the breaker case. Additional in- 
formation may be obtained from I-T-E 
Circuit Breaker Company, 19th and 
Hamilton Streets, Philadelphia 30, Pa. 


Constant Wattage Ballast. The Line 
Material Company has made available a 
new CW (constant wattage) ballast for 
use with EH-7 mercury vapor lamps. 
Designed for application on 115- or 230- 
volt circuits, the ballast assures uniform 
light output, provides improved open- 
circuit characteristics, and lengthens lamp 
life. It is a regulated static-type ballast. 
Lamp wattage varies less than 3 per cent, 
and the resulting light output is constant, 
even if the line voltage fluctuates as much 
as 10 per cent. For further information, 


write Line Material Company, Milwaukee 
1, Wis. 


Pulse-Forming Network. A new uni- 
versal pulse-forming network, specifically 
designed for laboratory use in radar re- 
search and development, was announced 
recently by the Sprague Electric Company. 
The construction of this network makes it 
possible to obtain the five most-needed 
pulse lengths, 1/4, 1/2, 1, 2, and 3 micro- 
seconds, with no distortion of the pulse 
shape. The flat portion of the pulse form 
is retained at all pulse lengths: Common 
capacitor connections are switched at half 
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EVERY SPECIAL JOB 


mold cured portable cord 
machine tool & building wire 


special purpose wire & cable 
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American Steel & Wire 
Room CE-123, Rockefeller Building 
Cleveland 13, Ohio 
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ESIGNERS 
AND BUILDERS 
TRANSFORMERS — 22.0, ‘ex 


phase, 60 cycle, 69,000Y 

volts primary, 240/480 
DESIGNING ... Designing trans- {nd coil assembly, low 
formers for special functions is a %™'"9° “4 
service STANDARD engineers are 
well qualified to render. You can 
save time by using STANDARD'S 
design service when ordering trans- 
formers for specific projects, includ- 
ing power, distribution, metering 


and testing. 


BUILDING... Your specially de- 
signed transformers are manufac- 
tured under the watchful eyes of 
the designing engineers. Every step 
in the process of manufacture is 
performed by skilled transformer 
specialists. ASA standards are met 
or exceeded. Call your nearest 
STANDARD representative for infor- 
mation on this useful service. 


Type ATAB power transformer, 1500 KVA, three phase, | 
60 cycle, 69,000Y volts primary, 480/240 volts sec- 
ondary. Equipped with hot spot temperature indicator 
and control, provisions for future forced air cooling, | 
pedestals for mounting station type lightning arresters, 
low voltage terminal chamber and automatic gas seal / 
equipment. 


WARREN, OHIO 
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network voltage. All pulse lengths corre- ' 


spond to the half-power point, as measured — 
by the standard synchroscope setup at 70- 


per-cent voltage level under resistant load. 


This network is designed for operation with 
a 50-ohm impedance load. Peak voltage 
rating is 13 kv regardless of the pulse 
length used. Complete information will 
be sent upon letterhead request to Sprague 
Electric Company, 321 Marshall Street, 
North Adams, Mass. 


TRADE LITERATURE 


Handling Tools Catalogue. A complete 
line of handling tools designed specifically 
for high-voltage switches, fuses, and 
cutouts is described in a new Handling 
Tools Catalogue. Among the new tools 
are socket-type fittings for removing and 
replacing SMD-type fuses. Listed in the 
catalogue are 17 universal poles in lengths 
from 4 to 20 feet, with diameters of 11/,, 
11/,, and 13/, inches. The new Catalogue 
Section 823 on Handling Tools may be 
had by writing the S & C Electric Com- 
pany, 4435 Ravenswood Avenue, Chicago 
40, Ill. 


Steel Tubing Brochure. A _ 12-page 
81/,- by 11-inch brochure presents factual 
data on the use, fabrication, and physical 
properties of General Motors  small- 
diameter steel tubing. Complete tables 
and data cover mechanical properties, 
diameters, tolerances, wall thicknesses, 
and pressure tests for all of the company’s 
single and double wall tubing. Included 
are sections on forming, standard finishes, 
cutting and machining, and joints. Copies 
of the brochure may be had on request 
from Rochester Products, Division of 
General Motors, Rochester 3, N.. Y., 
attention of the Engineering Sales De- 
partment. 


Noark Safety Switches. A bulletin con- 
taining complete information on _ all 
Federal Noark Safety Switches has been 
issued by Federal Electric Products Com- 
pany, 50 Paris Street, Newark, N. J. 
Described in detail are the many patented 
features of the company’s line of safety 
switches, including the only front-operated 
visible-blade switches of this type on the 
market. Enclosure types and _ sizes, 
knockout sizes and locations, and other 
ordering information are fully listed. 


Allied Radio Catalogue. The 1954 
edition of the Allied Radio Corporation’s 
general catalogue has been released. The 
catalogue contains 268 pages listing more 
than 20,000 items, with special emphasis 
on equipment for industrial maintenance, 
research, and production requirements. 
Included are sections on public address 
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THE FIRST INSTALLATION of 120 vertical radial 
gas engine power units in the Point Comfort, Texas, plant of 
the Aluminum Company of America, included 40 Elliott 
vertical generators. An additional installation of 74 more 
units, recently completed, has Elliott generators throughout. 


These latest generators are vertical 360-rpm units with a 
D-C rating of 1200 kw, 667 volts with additional take-off 
of 150 kva of 3-phase, 24-cycle, 425-volt A-C for engine 
auxiliaries. All engines are Nordberg vertical type. 


It is naturally gratifying to Elliott engineers to have this 
endorsement of their successful participation in this outstand- 


ing power development. 


LLIOTT sO 


Ridgway Division Plants at: JEANNETTE, PA. © RIDGWAY, PA. 


AMPERE, N. J. © SPRINGFIELD, O. * NEWARK, N. J. 


RIDGWAY, PA. DISTRICT OFFICES IN PRINCIPAL CITIES 


ie 
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equipment, recording equipment, technical 
books, television, and a kit builders’ 
section. The 1954 buying guide may be 
obtained without charge from Allied 


Radio Corporation, 100 North Western 

PAV F S T HH F A | R WAY Avenue, Chicago 80, Ill. 
TQ INTELLIGENT DESIGN Slidefilm on Gas Turbines. A new 
sound-color slidefilm-on the uses, ad- 


vantages, and manufacture of the gas 
turbine for gas pipe-line pumping is now 
available. The 12-minute film, called 
“The El Paso Story,’ shows the applica- 
tion of the General Electric gas turbine 
to the long-distance transmission of natural 
gas. The film centers around the Cor- 
nudas, Tex., compressor station of the El 
Paso Natural Gas Company’s Southern 
Mainline where the first of 28 5,700- 
horsepower gas turbines for the El Paso 
gas transmission system between west 
Texas and California were placed in 
operation, but includes scenes showing 
the manufacture of the gas turbine. 
Arrangements for viewing the slidefilm 
can be made through the nearest Appara- 
tus Sales Office of the General Electric 
Company. 


Miniature Multitester Data. A recent 
Data Sheet giving information on a 
Miniature Multitester combination volt- 
ohm meter for testing resistances and 
alternating or direct voltages has been 
announced. Weighing but 12 ounces, 
this tester is designed for electronic equip- 
ment servicemen to use in the field. It 
has four d-c ranges reading to 300 volts, 
four a-c ranges to 600 volts, and four 
resistance ranges reading to 2,000,000 
ohms. For a free copy of the Data Sheet, 
write to International Instruments, Inc., 
P. O. Box 2954, New Haven 15, Conn. 


Pyrometer Supplies. Honeywell pyrom- 
eter supplies are illustrated and described 
in the newly revised Buyers Guide, 700-5. 
All general thermocouple assemblies and 
components are listed, as well as many 
special-purpose items. Prices and several 
pages on selection, care, and application 


’ entury Model 408 Recording eo a ee +k of thermocouples are included in this 
i’ See eA SSN 48-page catalogue available from Minne- 
Oscillog raph is rapidly becoming Sixt: : :. apolis-Honeywell Regulator Company, In- 
; standard of the industry.” It has aS SATS SEL as hhh dustrial Division, Wayne and Windrim 
been designed and built expressly for RBs 3% AVERUES ESTAR RE ee 
mobile and airborne operation. As FERS ES. 
with all Century industrial instru- F AE. Se eS 
ments, the Model 408 Oscillograph ¥ : Suse 3383 Ss Self-Supporting ‘Aerial Cables. A new 
incorporates the utmost in modern s3 SEES 8-page booklet, “Dimensions and Charac- 
ae, » ‘: * is ; Se FSS 5 + teristics of Okolite-Okoprene Self-Support- 
C engn ys workmans ip resu ting in ee: Snes =i ing Aerial Cables With Aluminum Con- 
simple and efficient operation and (9 Pe S89 S886) f As S54 | ductors,” provides the physical and 
: : * s SSS YF electrical characteristics of self-supporting 
aerial cables with aluminum conductors. 
Complete dimensional information and 
current-carrying capacity tables are in- 
cluded. The combination of this con- 
GEOPHYSICAL CORPORATION struction’s light weight, and somewhat 
lower cost in comparison with comparable 
TULSA, OKLAHOMA cables with copper conductors, is of 


4447 No. Bodine 3406 W. Washington Blvd. 238 Lafayette St. 309 Browder St. EXPORT OFFICE particular interest to utilities and con- 
Philadelphia 40, Pa. Los Angeles 18, Calif. Dayton 2, Ohio Dallas, Texas 149 Broadway, N. Y. City 
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with NATIONA 


TRADE -MARK 


NATIONAL=»“@ 


L BRUSHES ror 


MAIN-DRIVE, MILL-TYPE and GENERAL-PURPOSE MOTORS 


commutators are 
among the least of your operating worries. 
Neglected, they can cause. reduced efficiency, 
shortened brush life, costly down-time — even, 
in extreme cases, shutdown of production. 


more than at any other 
motor component, minutes, regularly spent on 
care, add hours to the period between overhauls. 
Coddle the commutator, and your motors and 


BETTER- PRODUCT—PACKAGE-—PRICE— 


generators will return your investment many 
times over. 


of commutator care is the 
proper selection of brushes, brushes that give 
peak commutation... low friction ... proper 
surface film —- “NATIONAL” BRUSHES! 


and your brushes | 
will last longer, too —as “National” brushes 
are known to do! 


The term ‘‘National’’, the Three Pyramids device, and the 
Silver Colored Cable Strand are registered trade-marks 
of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 


STANDARDIZED BRUSHES — "i ot on ee 


District Sales Offices: 
Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 


In Canada: NATIONAL CaRBON LIMITED 
Montreal, Toronto, Winnipeg 
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Capacities from 
1to 3000 KVA 
© DISTRIBUTION 

» GENERAL PURPOSE 
© UNIT SUBSTATION 
© PHASE CHANGING 
© ELECTRIC FURNACE 
» RECTIFIER 
WELDING 

* MOTOR STARTING 
+ SPECIAL 


SS MARCUS 
“Mark of Quality” 

TRANSFORMER CO, inc. 
Principal Cities HILLSIDE 5, 


Representatives 


ONE OF THE WORLD’S LARGEST MANUFACTURERS OF DRY TYPE TRANSFORMERS EXCLUSIVELY 


68A Please mention ELECTRICAL ENGINEERING when writing to advertisers 


RAILWAY 


Los Angeles 


Union Passenger 


1. Terminal 


SANTA FE UNION PACIFIC SOUTHERN PACIFIC 
COMPANY 


RAILROAD 


Specifications for the stringent pow- 
er requirements for Los Angeles 
Union Passenger Terminal were set 
up by a group of electrical engineers 
representing the three railroads that 
operate the terminal, and were met 
by the purchase of Marcus dry type 
Transformers. 


The installation consisted of 12 
Marcus 300 KVA, 3 Marcus 225 KVA 
dry type Transformers installed out- 
doors. All Marcus dry type Trans- 
formers are now being constructed 
with Hi-Heat, Hi-Dielectric Magnet 
Wire, insulated with DuPont’s New- 
est miracle polyester film “Mylar,” 
combined with Johns-Manville 
“Quinterra” to reach insulation levels 
at least 10 times present industry 
standards, 


Increase your power performance 
standards with Marcus dry type 
Transformers. 


NEW JERSEY 
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sulting and industrial engineers. For 
copies of the booklet, Bulletin OK-7064, 
write The Okonite Company, Passaic, © 
Noe 


Modernized Disconnecting Switch. The 
completely modernized “PM B-236” dis- 
connecting switch for group operation is 
described and illustrated in Publication 
5305 available from the Advertising 
Department, Delta-Star Electric Division, 
H. K. Porter Company, Inc., 2437 Fulton 
Street, Chicago 12, Ill. This low-cost 
single horizontal break switch is known for 
its simplicity, compactness, and ease of 
operation. Complete listings and dimen- 
sions are given in all standard voltage 
ratings from 7.5 kv, 400 amperes, to 161 
kv, 1,200 amperes. 


X-Ray Analysis. A new 12-page booklet 
entitled ‘“X-Ray Methods of Possible Use 
in Clinical Laboratories” discusses crystal- 
lography and X-ray diffraction, identi- 
fication of compounds, X-ray spectroscopy, 
and microradiography, and is illustrated 
with photographs and drawings. It is 
available free of charge from the Research 
and Control Instruments Division, North 
American Philips Company, Inc., 750 
South Fulton Avenue, Mt. Vernon, N. Y. 


Motor Starters Bulletin. Features of 
Allis-Chalmers Type H starters built to 
control squirrel-cage, synchronous, wound- 
rotor, and multispeed motors in ratings 
from 2,200 to 5,000 volts are described in 
a new 12-page bulletin. The complete 
protection features of the starters are 
covered, and also included are schematic 
wiring diagrams showing typical methods 
of control. Copies of ‘‘Type H Motor 
Starters,” 74B6470B, may be requested 
from the Allis-Chalmers Manufacturing 
Company, 931 South 70th Street, Mil- 
waukee, Wis. 


Station-Type Cubicle Switchgear. The 
complete line of Westinghouse station- 
type cubicle switchgear is described in a 
new 24-page booklet, B-5670, available 
from the Westinghouse Electric Corpora- 
tion, Box 2099, Pittsburgh 30, Pa. Basi- 
cally, this type of switchgear consists of a 
large-capacity heavy-duty power circuit 
breaker, isolating disconnecting switches, 
connections, and bus, all of which are 
completely enclosed in a metal cubicle 
with its circuits and individual phases 
segregated by metal barriers. 


Barber-Colman Catalogue. Complete 
information on electronic controls and 

heating, ventilating, and air conditioning 
is available in a new catalogue, F 6766. 

Descriptive information concerning the 
ultrasensitive micro relay which simplifies 
the amplifier is included. Included is a 
complete description of the various ele- 
ments required for system application and 
illustrations of their usage. Requests for 
the catalogue should be addressed to 
Barber-Colman Company, Rockford, III. 
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easy to terminate 


These Okolite-Okoprene 15-KV aCe 
cables are installed at ne ae a 
: Millinocke F 
Paper Company $ East Mill i 
een Maine. They typify ine nae i i 
which this kind of cable is terminate . P F 
heads were required. The termination ee 
bor, as contraste 
fewer manhours of la [ 
al the involved and expensive opetcien 8 
terminating other types of cables which Asie? i 
a lead sheath. This is one reason why nie . ie 
today is to Okolite-Okoprene rubber-insula 


high voltage cables. 


There is a distinct trend among industrials and public utilities 
toward Okolite rubber-insulated cables for high voltage use. 


ADVANTAGES 


1. Lighter and easier handling. 

2. Eliminates sheath corrosion and fatigue. 
3. Simplifies splicing and terminating. 

4. Moisture does not affect the insulation. 


5. No oil migration at high temperatures or elevations. 
6. Flexibility simplifies installation. 


APPLICATIONS 


Transmission and distribution circuits. 
Generator and transformer leads. 
Vertical risers and shaft cables. 
Submarine power cables. 


Portable substation cables and test leads. 
6 X-ray cables. 
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Send for this 128-page manual on rubber-insulated high voltage 
cable. It provides current carrying capacity tables, dimensional 
data, engineering information and installation procedures, 
complete instructions and detailed drawings for splices and 
terminations.Write for Bulletin EG-1075 on your letterhead 

to The Okonite Company, Passaic, New Jersey. 
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Transite’ Ducts cut cable subway costs— 


duct which is used for exposed work or 
is laid directly in earth without a con- 
crete encasement. Saves time, labor and 
materials on the job 


Transite Korduct® is the thinner walled 
duct for installation in concrete. Inas- 
much as it is used principally for hi- 
voltage lines, its high thermal conduc- 
tivity reduces operating losses 


JOHNS-MANVILLE 


aM 


PRODUCTS 
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give greater cable protection 


@ Johns-Manville presents these 
brochures as a service to public 
utilities, design engineers, and all 
other users and planners of cable 
subway systems. ‘“Transite Ducts” 
shows how improved cable subway 
protection, installation, mainte- 
nance and operational savings may 
be achieved. “Transite Ducts, D?1- 
mensions and Fittings” give the nec- 
essary dimensional data on all ducts 
and fittings. 


Transite Ducts offer improved 
cable subway protection. Made of 
asbestos and cement, Transite can- 
not burn, smoke, fume or generate 
explosive gases. Transite confines 
arc damage and protects adjacent 
cables against heat and flame. Tran- 
site resists corrosive action of soils; 
is unaffected by electrolysis. 

Installation savings result because 
Transite is strong, light in weight, 
easy to handle. It comes in long, 10- 


foot sections, thus, fewer joints are 
required. Its permanently smooth 
bore prevents injury to cable either 
from natural movement or when 
pulling cable through. Maintenance 
savings result from the permanent 
nature of the asbestos cement com- 
position of Transite. It is as durable 
as stone. 


Moreover, operational savings re- 
sult because cables run cooler due 
to the high thermal conductivity of 


‘’Transite Ducts. This also results in 


prolonged cable insulation life. 


For complete details on how 
Transite Ducts can cut cable sub- 
way costs for your system, send for 
copies of ‘“Transite Ducts,” EL-29A 
and “‘Dimensions and Fittings,” 
EL-45A. Write to Johns-Manville, 
Box 60, New York 16, New York. 


_ In Canada, 199 Bay Street, Toronto 


1, Ontario. 


Johns-Manville TRANSITE DUCTS 


TRANSITE KORDUCT—for 
installation in concrete 


TRANSITE CONDUIT—for exposed work and installation 
underground without a concrete encasement 
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The photograph above shows a complete Type No. 5 
three channel Transmitted Carrier Telephone Ter- 
minal made by Kellogg (an Associate of International 
Telephone and Telegraph Corp.) The Sela Constant 
Voltage Transformer is a standard component of 
the power supply chassis at the top of the rack. 


BUILD-IN AUTOMATIC VOLTAGE STABILIZATION WITH COMPLETE 


AVAILABLE, 
r\\ TRANSFORM Fe ACV-142 


BUILT-IN SOLA REGULATED POWER TRANSFORMER 


Assures Positive Signalling 
and Protects Components 


ON KELLOGG NO. 5 TRANSMITTED 
CARRIER TELEPHONE SYSTEM 


Low voltages cause disconnects and false signalling on telephone 
carrier systems. Abnormally high voltages can result in damage 
to components and premature filament failure of electronic tubes. 


The Kellogg Switchboard and Supply Company provides depend- 
able performance, positive signalling and satisfactory transmis- 
sion by building in a Sola Constant Voltage Transformer as an 
integral component of their system's power supply. The custom 
Sola unit they employed automatically maintains voltage con- 
stant within =3% with line voltage variations from 95 to 125 volts. 


Like Kellogg Switchboard, you can assure reliable performance 
of your electronic equipment. Make sure of the proper input 
voltage with a Sola Constant Voltage Transformer. Any reason- 
able combination of plate and filament voltages can be provided 


to meet your specifications. 


Sola stabilizers are static magnetic regulators ... regulation is 
continuous and automatic ... response time is 1.5 cycles or less. 


There are no moving paris, no tubes, no manual adjustments. 
The cost is reasonable. Regulation within +1% with line voltage 
fluctuations as great as 30% can be provided. Your inquiry will 


receive prompt attention. 


CATALOG 
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How to prolong the life of wire 
- and cable by proper storage 


Protect cables from the weather. Moisture is especially injuri- 

ous to fibrous coverings. When stored out-of-doors, if 

they become wet and then freeze, they will be weakened 

and the saturant will flake off. In humid weather, mold 
growth is accelerated, weakening the covering and making it 
easier to damage the cable during installation. (Rubber and 
thermoplastic insulated and jacketed cables may be stored 
under moderately humid conditions.) The larger sizes of 
fibrous covered and rubber jacketed cables and all lead- 
sheathed rubber insulated cables must be stored on reels 
which must be properly lagged—or the cable must be other- 
wise suitably protected against mechanical damage. Reels 
can be stored out-of-doors if the cable is protected against 
sun and weather, and the ends are properly sealed. 


o/s 


“a 


Reels should be kept off the ground, so that moisture will not 
harm the cables, reel flanges and lagging. Sound reels 
are easier to handle and there is less chance of injury to 
the cable as it is removed from the reel. 


Don’t expose wires and cables to extremes of temperature. Chemi- 
cal reactions occur at a higher rate at high temperatures 
than low. The greatest deterioration of low-voltage cables 
is due to chemical changes, oxidation or internal changes 
in the compound itself. Never store reels in the boiler 
room unless you use a fan to blow hot air away from the 
wires and cables. It’s best to store cables at room temper- 
atures indoors out of direct sunlight. Rubber insulated 
cables may be stored and handled without damage at 
the lowest temperatures ordinarily encountered, but 
thermoplastic synthetic insulated cables should not be 
handled at temperatures below —10 C. (14 F.) 


KY KX 
»: 
ROY) 


Coils should be stored one layer deep on the floor or shelves, with 
the axis either horizontal or vertical. To save space, they 
may be stacked, but not more than 5 coils in height— 
otherwise there is harmful pressure on the insulation. 
Don’t remove brown paper or box that protects against dust 


and light until used. 


Rubber insulated fibrous covered, rubber jacketed or lead-sheathed cables in storage should 

never be bent to a diameter less than I.P.C.E.A. recommended diameters. 

Never let coils or reels drop more than a few inches. Always roll a reel in the 

direction indicated by the arrow on the flange. When rolling an unlagged 
reel, put planks under the flanges to avoid pressure on the cable. Coils, reels and 
eee always be rotated when wire and cable is removed to avoid twisting 
she cable. 


FREE REPRINTS OF THIS PAGE ARE AVAILABLE. WRITE TO ADDRESS BELOW. 


UNITED STATES RUBBER COMPANY << 


G 
e e poe 
Electrical Wire and Cable Department @ 
ROCKEFELLER CENTER + NEW YORK 20, NEW YORK 


SA Please mention ELECTRICAL ENGINEERING when writing to advertisers DECEMBER 1953 


The -Ap- Journal is an engineering periodical sent to you as another 
service of the Hewlett-Packard Company. It is written for engineers, 
by engineers. Typical papers discuss such subjects as: 


“Design notes on the RC Oscillator Circuit” 
"Direct-Reading UHF Power Measurements” 
“Good Practice in Slotted Line Measurements’ 
“New 100 kc Counter for Electronics and Industry” 


Articles also contain technical data, performance information and operat- 
ing suggestions for -A4/- test instruments. All issues are fully illustrated. 


Write today for your free subscription 


(Please give your title or position ; or state if engineering student) 


HEWLETT-PACKARD COMPANY 


2784A PAGE MILL ROAD « PALO ALTO, CALIFORNIA, U.S.A. 
SALES REPRESENTATIVES IN ALL PRINCIPAL AREAS 
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WORLD’S LARGEST EXCLUSIVE MANUFACTURER OF ELECTRONIC TEST INSTRUMENTS 

Vacuum Tube Voltmeters - Audio Oscillators - Frequency Couuters, Monitors and Standards - Audio, VHF, UHF and SHF Signal 
Generators - Square Wave Generators - FM and TV Broadcast Monitors - Wave and Distortion Analyzers - Slotted Lines - Tunable 
Bolometer Mounts - VHF Bridges - VHF Detectors - Microwave Test Equipment and Power Meters - Standing Wave Indicators - Low 
Pass Filters - Electronic Frequency Meters - Attenuators - Wide Band Amplifiers - Regulated Power Supplies - Electronic Tachometers 
Voltage Dividers, Multipliers, Shunts - Accessories 
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WESTON Ruggedized Instruments are 

available not only in D-C but in movable iron A-C, 
rectifier type A-C and thermo. All are supplied 

with essential sealed zero correctors—shock-resisting flat 
plastic windows—and connection terminals molded 
into internal rubber, leakproof, breakproof and 
effectively insulated. For complete details, write 

for bulletin. Weston Electrical Instrument Corporation, 


614 Frelinghuysen Avenue, Newark 5, New Jersey. 


WESTON ruggedized instruments 


All Weston Rugged- 
ized instruments have 
externally operated 
sealed zero correctors. 


Insulated, breakproof 
connection terminals 
are molded into in- 
ternal rubber, 


Tough, flat plastic 
windows are really 
shock resistant. 
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ROETEMP MAGNET WIRE brings you a 
brand new and superior type of insulation for 
applications that involve high operating tem- 
peratures. Its heat-resistant properties and dielec- 
tric strength, its extra toughness and working 
ease make this new Roebling ROETEMP your 
top choice for Class B, dry-type transformer 
windings, and for other electro-magnetic devices 
designed for operation with hot spot tempera- 
tures of 180°C (266°F). 

Roebling ROETEMP Magnet Wire is insulated 


with a specially processed tape applied in a 
single wrap with a liberal overlap. It is excep- 
tionally pliable and bends without cracking or 
separating from the conductor. It won't unravel; 
is ideal for higher speed winding; comes in a 
range of sizes from #1 to #12 AWG, round, 
square and rectangular. 

Write for full data on Roebling ROETEMP 
Magnet Wire...and Roebling silicone bonded 
ROEGLAS wires for special temperature prob- 
lems. John A. Roebling’s Sons Corp., Trenton 2, N.J. 


A subsidiary of The Colorado Fuel and Iron Corporation 
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...a famous name 
in Electrical Engineering 
for over 70 years — 


With huge resources in several plants, the 
Ferranti organisation is producing trans- 

_ formers for vast engineering projects all over 
the world. The McNary Dam is one of a 
number of projects in North America for 
which Ferranti Ltd. are commissioned to 
supply large Power Transformers. Others 
are the Alcan Project, British Columbia, 
Canada, and the Garrison Dam Project, 
North Dakota. | 


McNARY DAM PROJECT, OREGON 
Six 56:5 MVA, 230 kV singlephase Transformers 
NORTH DAKOTA CANADA; BRITISH COLUMBIA 


- Nine 33°33 MVA, 230 kV sen: a MVA, 301 kV 
nce and three 37 MVA, 275 

ee dee he dupa A 3 kV _ singlephase Trans- 
formers for U.S. Army formers for Aluminium 


Garrison Dam Project. Co. of Canada Ltd. 


OFFICES AND PLANTS: 


“NEW YORK Peete (MANCHESTER, ENGLAND 
_ Ferranti Electric Inc. | Ferranti Ltd., Moston, | 
30 Rock feller ae ist York 20 Manchester, 10. 


eEINRURGH, SCOTLAND | 


NOW YOU CAN 
JUST PULL THE SWITCH 


When emergency strikes .. . when 
an energized line is down. . . the 
S&C Alduti enables you to drop the 
load—all of it—at once! 


No need to go through com- 
plicated unloading preliminaries 

.. no need to open main breakers 
causing otherwise unnecessary in- 
terruptions .. . outages are held to 
a minimum .. . line repair can go 
forward immediately. 


The S&C Loadbreak Switch drops 
the load with no lost time, NO ex- 
ternal arc, and with safety to the 
operator. 


FHEAK ie IRE 


How will you Sectionalize 


THAT CAN 


a 


ee: 


Kia le 2 cee, a. ee ~ 


UNDER ANY 
CONDITION? 


(Except Short Circuit) 


HERE ARE SOME OF THE FEATURES YOU'LL 


FIND IN THE S&C LOADBREAK SWITCH 


@ Positive, ‘clean break” switching 
@ Safety to operators 
@ Interruption of all load currents and 
charging currents 
@ Independence from.adverse wind conditions 
Only one switch—the S«C Alduti—can give 
you all of these essential performance features. . . 
can break the circuit; and do it with NO 
external arc. 
This is why the Alduti Loadbreak 
Switch has gained wide preference among 
power men .. . why.leading utilities 
everywhere specify it for sectionalizing. 


your System? 


2 


lr NOT, you are missing the kind of operating 
flexibility you get with the S«C Alduti 
Loadbreak Switch... 


The Alduti Loadbreak can be operated any 
time ... instantly ... without communicating 
down the line to find out whether load conditions 
permit switching ...a very important advantage 

~ during storm and emergency conditions. 


With the Alduti, switching operations can 
be carried out without sequencing with circuit 
breakers—an important advantage during storm 
mergency. 


And it cafiédrop your entire load .. . in- 
dividual loads never ‘need to be removed as 
a preliminary. 


Interested? Then write today for literature, 
It will give you new ideas on sectionalizing. 


IN CANADA, $2C ELECTRIC ‘CANADA, LTD. 
8 VANSCO ROAD, TORONTO 14, ONTARIO 


OLTAGE CIRCUIT INTERRUPTION 


THE NEW ois 
‘Ecouamy OSCILLO 


Long the world’s most popular re 
oscillograph, the Type S-14 
has been redesigned and im- 
proved to meet exacting de- 
mands of modern research. The 
NEW Type S-14C ‘Economy’ 
Oscillograph is the simplest to 
operate and maintain, and the 
most versatile in application. No 
research or testing laboratory 
is complete without it. 


Master Test Code 
for” 


TEMPERATURE 
MEASUREMENT 
of Electric 


@ Wide range of galvanometer 
types and characteristics. Natural 
frequencies to 10,000 cps; sensi- 
tivities to 50,000 mm per ma; 

_ single and polyphase watts. 


@ Precision optical system for very 
high writing speeds and high- Apparatus 
quality records. ® Internal motor and gear reducer 

® Continuous-drive magazine for shock mounted and vibrationless. 


Upon suggestion by the 
Standards Committee of the 
AIEE, the Instruments and 


records to 100 or 200 feet long. ©® Light-socket operation. 
@ Wide range of record speeds. ®@ Daylight loading and unloading. 
Any of 9 speeds dvailable by ® Automatic transiend recording 


shifting single external belt. attachments. : 
| Standard speeds: 40, 20, 10, 4, © Complete list of accessories for Measurements Committee 
4 2, 1, 0.4, 0.2 and 0.1 in./sec. extreme versatility. voted in 1941 the appoint- 


ment of a subcommittee for 
preparing a Master Test Code 
for Temperature Measure- 
ment. The objective of this 
action was to amplify, and 
ultimately replace by a single 
code, those recommendations 
on temperature measurement 
which are applicable to com- 
mercial tests on a variety of 
electric machines and which 
had been duplicated in 
separate standards pertaining 
to specific types of apparatus. 


FOR FURTHER INFORMATION WRITE FOR BULLETIN 2D1 M 


INSTRUMENT COMPANY. 


1315 SO. CLARKSON STREET * DENVER 10, COLORADO 


The recommendations in this 
completed and approved 
code (number 551, effective 
as of August 1950) apply to 
the determination of operat- 
ing temperature and of tem- 
perature rise of all electric 
machines, instruments, and 
apparatus in common use, 
where temperatures do not 
exceed 500 degrees centi- 
grade. Standards pertaining 
to permissible temperature 
rise and corrections are not 
included. 


Price: $0.80 to non-members, 
$0.40 to members of the AIEE. 
Orders should be sent to: 


Mechanically Rugge 
U/L Tested — 


N 
NY 
z 
AZ 
\2 


fll 
W. 


6 SIZES 
#14-500 MCM 


Order Department 
AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 

33 West 39th Street 

New York 18, N. Y. 


COPPER TUBE AND PRODUCTS, INC. 


6743 MARIEMONT AVE. © CINCINNATI 27, OHIO 
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apacitor Foil 


Rely Depend 
REYNOLDS : ALUMINUM 


| in Electrical Applications 


Aluminum helps make 
all-new fractiona-hp motor 
Smaller...Lighter...More Versatile 


DECEMBER 1953 


General Electric gave industry a 
brand new concept in motors with 
its all-new ‘Form G” fhp motor. 
These completely new . .. completely 
different motors give full NEMA 
performance at up to 50% less weight 
.. 40% less bulk, rating for rating! 
Among the new features of this 
smaller, lighter, more versatile mo- 
tor is an increased use of aluminum. 
The newly designed aluminum rotor 
winding is practically indestructible 
and is cast integral with the rotor fan 
blades—making for cooler running. 


SEE ‘Mister Peepers” on NBC-TV. Consult local listing for time and station 


DESIGN 


The aluminum end shields help pro- 
vide neater appearance and better 
conductivity of heat away from the 
motor bearings, helping to give 
longer bearing life. 

Perhaps you, too, can find better 
uses for aluminum for weight saving, 
neater appearance, heat conductivi- 
ty, and as an electrical conductor. 
All in all, from both a manufactur- 
ing and the end user’s standpoint, 
aluminum is the ideal metal to use 
in a great variety of electrical appli- 
cations and products. 


Call on Reynolds Electrical Engineering 
Service for Help on Your Problems 


Reynolds engineers will conduct meetings with your men and 
provide them with the latest information on electrical 
applications of aluminum. Also write for a complete index 

of design and fabrication literature. Reynolds Metals Company, 
2541 South Third Street, Louisville 1, Kentucky. 


HA S ALUM™MtIN UM 


Conduit Fittings 
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(ABOVE) Rome Pre-Assembled Self-Supporting Aerial 
Cable For Primaries—Supplied in various designs incorporating 
RoZone insulation, shielding where needed (generally over 5 KV) 
and outer protecting coverings of RoPrene (Neoprene) or corrosion- 
resistant metallic tape in accordance with IPCEA standards. 


(LEFT) Rome Triplex Self-Supporting 
Secondary or Service Drop Cable—Ro- 
Prene (Neoprene) or RoLene (polyethylene) 
insulated copper or aluminum power conduc- 
tors spiraled around a suitable neutral mes- 


senger of copper, copperweld, aluminum or 
ACSR. 
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Burying 
Cable 
on TOP 
of the 
Ground 


iy 
CLA Fart EY 


i 
; 
bio 


7] fA D r ® 


£ 
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Recently an electric railway company decided on a line ex- 
tension. Before they could lay the track they had to raise the grade 
of an existing roadway. Fortunately someone thought of burying 
the underground signal cable the easy way. 

The electric railway scooped out a shallow depression, lined 
it with sand, put in the Simplex-ANHYDREX Signal Cables, 
covered them with sand, and then they filled the roadway to a 
depth of about four feet with fill. The top of the concrete pedestal 
will be at grade. 

The electric railway showed good judgment on two counts. 
First, they buried the cable in the least expensive way and, second, 
they used Simplex-ANHYDREX Signal Cable which will give 
them dependable service for a long time to come. 

Why did the railway buy ANHYDREX Signal Cables? Be- 
cause the Anhydrex insulation will retain its electrical and physical 
properties indefinitely. This insures long life and dependable op- 
eration. The cable is easy to install, splice and terminate. It has } 
no metallic sheath to crack from vibration or deteriorate from elec- 
trolysis. It does have a special metallic tape to resist termites,etc. | 

These are a few of the reasons why railways, public utilities 
and industrial plants are using ANHYDREX Cables for signal, 
control and communication services. 
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Certainty.... 


Development of simpler and more effective 
insulation-testing methods has attracted 
considerable attention in the electrical 
equipment industry. Research and experi- 
ence have indicated considerable advantage 
in the application of direct-current over- 
potential techniques to insulation testing. 
Our design staff, realizing the need for new 
equipment, carefully analyzed the problems 
attendant to modern insulation testing. 


The designs evolved from this work were 
applied to a wide range of industrial appli- 
cations with a high degree of success. 


Industry leaders have found the advantages 
of simplified overpotential testing using 
BETA d-c equipment to include the follow- 
ing: 


Leakage resistance can be measured 
directly by R = E/I readings at any 
output voltage, thus eliminating the 
elaborate bridge methods required with 
a-c tests. 


By recording leakage current increase vs 
time, failure of equipment can be antici- 
pated. Equipment, therefore, can be shut 
down for repair or replacement on planned 
schedule instead of after an emergency 
replacement following a failure. 


Physical problems associated with testing 
large equipment are greatly reduced since 
the d-c testing device can be of limited 
capacity and therefore of portable dimen- 
sions; this is due to the elimination of the 
capacitance charging current. 


Voltages which are equally searching for 
defects and physical damage are far less 
damaging than the equivalent a-c voltages. 


The slope of the voltage endurance curve 


(an Insulation Testing Be More Eftective? 


is such that the time of voltage applica- 
tion is not nearly so critical as with a-c 
voltage. 


BETA-BUILT d-c overpotential testing 
equipment incorporates the following fea- 
tures to enable the operator to utilize the 
above design advantages with maximum 
convenience: 


Mobility—For ratings below 50 KV, the 
equipment is completely portable. 
Above 50 KV, the equipment is compact 
and mounted on casters for ease of 
mobility. Output terminal and ground 
shield are removable for truck shipment. 


Metering—Multiple ranges are provided 
on the meter to allow readings of low 
leakage currents and low output volt- 
ages. All meters are direct reading. The 
kilovoltmeter is connected directly 
across the load and the current meter 
does not indicate the kilovoltmeter drain. 


Surge Protection—All meters are protected 
against sudden short circuits due to 
failure of insulation under test. All com- 
ponents are conservatively designed to 
withstand repeated surges at full output 
voltage. 


Standard Components—All circuit com- 
ponents, including rectifiers, are stand- 
ard catalog items or are always available 
from BETA stock. 


Further information on these techniques is 
available in a booklet we have prepared, 
containing a more complete evaluation of the 
advantages of d-c overpotential testing tech- 
niques. Included with this material is a 
bibliography of recent papers on the subject. 
Write for your free copy today. 


BETA Field Engineers are available throughout the United States for 
consultation on specific applications of d-c overpotential equipment. 


Beta Electric Corp. 
333 East 103rd Street, N.Y., N.Y. 
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CA Microwave radio relay installation 
t High Ridge, Mo. Towers are rugged, 
esigned to withstand 100-mph winds 
nder severe icing conditions. 


solved today’s 


communication problem 


Two years ago Union Electric Com- 
pany of Missouri ran into the communi- 
cation problem which sooner or later 
confronts all growing utilities: their 
high-line carrier transmission system 
had become inadequate. 


The 150 kc bandwidth, allotted for 
power line carrier operation, permits 
the use of only a relatively few channels 
which are not sufficient to meet all the 
requirements of a modern communica- 
tions system. Direct wire lines were 
ruled out as too costly. 


That prompted engineers to adopt 
Microwave, supplemented with mobile 
radio at major relay points. RCA Micro- 
wave provides channels for remote con- 
trol of load dispatching, telemetering, 
teletype and voice communication. It 
results in close co-ordination of vehicles, 
field crews, executive and service per- 
sonnel at outlying offices and stations. 
And, 70% of the RCA Microwave system 
is available for future expansion. 


RCA MICROWAVE 


radio-relay communication 
and remote control 


Osage Hydroelectric Power Plant in- 
stallation of Union Electric Company of 
Missouri, at Bagnell Dam, Mo.—serviced 
by RCA Microwave. 


How UNION ELECTRIC 


TRANS: LINES — — 


FIVERMINES. 


RCA Microwave can be intercon- 
nected with existing phone lines and 
switchboards. Ituses familiar channeling 
circuits and readily available tubes. 
It provides as many channels as needed 
with minimum use of frequency space. 

Now Union Electric has dependable, 
year-round communications over the full 
length of its operations. RCA “dish” 
antennas atop 100- to 300-foot towers, 
spaced 11 to 46 miles apart, send con- 
centrated beams of radio energy from 


RADIO CORPORATION of AMERICA 


COMMUNICATIONS EQUIPMENT 


Dept. 42X, Building 15-1 


Microwave system, ‘Microwave Relieves Overloaded Circuits.” 


Name 
Com pany AA 


City 


Union Electric Co. Microwave system stretches 
out 425 miles in 3 directions from St. Louis. 


r 
| 
| 
| 
i 
Please send me your reprint describing Union Electric 
| 
| 
| 
| 
| 
| 


station to station. The radio beams f 
low a line-of-sight path—appro: 
mately parallel to the transmission lin 

You, too, can plan now for tomorro 
problems—prepare for your expandi 
communications needs before they « 
velop. The booklet listed below P| 
vides quickly digested facts for fut 
thinking, with no obligation on your pe 
Mail the coupon. Remember, only R« 
can provide the nation-wide serv) 
facilities of the RCA Service Compa) 


CAMDEN, WN. J. 


Title 


Address 
| 


Zone State 


CO Have an RCA representative get in touch with me. 


is Standard with Staudard Pceze 


Standard Piezo guarantees accurate 
and dependable quartz crystals to meet 
all private plane or commercial air carrier 


Ce 


requirements. 
Whether they are high or low in frequen- 


aN cy, for use at low or high altitudes, you'll 
find Standard Piezo quality is consistent- 


Standard Preze Ca. 
CARLISLE, PENNA. 
Phone 1495 


Measure ments Corporation 
MODEL 82 


STANDARD SIGNAL 
GENERATOR 


20 Cycles to 50 Me. 
FREQUENCY RANGE: 20 cycles to 200 


Ke. in four ranges. 80 Kc. to 50 Mc. 
in seven ranges. 

OUTPUT VOLTAGE: 0 to 50 volts across 
7500 ohms from 20 cycles to 200 
Kc. 0.1 microvolt to 1 volt across 50 
ohms over most of range from 80 
Ke. to 50 Mc. 


MODULATION: Continuously variable 
0 to 50% from 20 cycles to 20 Kc. 


POWER SUPPLY: 117 volts, 50/60 
cycles. 75 watts, 


DIMENSIONS: 15" x 19" x 12". 
Weight, 50 Ibs. 


MEASUREMENTS 
CORPORATION 


BOONTON hy) NEW JERSEY 
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ly superior. 
For your crystal requirements, standard 
or custom, write or call us. 


CONMOURED 
BRUSHES ,.. : 


Mees eee 
HELWIG CARBON 
BRUSHES are ‘Custom-Bilt”’ 


for instant installation... . 


Cut brush replacement and motor repair 
to a minimum with Precision-made Helwig 
brushes—They fit your commutator and 
rings exactly. 


Quality Helwig brushes eliminate uneven 


wear, reduce sparking and improve 


brush life. 


Write for catalog No. 95 for complete 
details on types of brushes and grade 


recommendations for every use, 


HELWIG CARBON PRODUCT CO. 


2530 N. 30th St., Milwaukee 10, Wisconsin 


American Standard 
LETTER SYMBOLS 


for 


ELECTRICAL 
QUANTITIES 


This American Standard 
(Z10.5—June 1949), 
which has been pre- 
pared by a subcommittee 
of the Sectional Com- 
mittee on Letter Symbols 
and Abbreviations for 
Science and Engineer- 
ing, is a revision of ASA 
Z10gl and AIEE 17g]. 
General principles of 
letter symbol standardi- 
zation, a typographical 
notation for distinguish- 
ing, in the equations of 
the printed page, be- 
tween the symbols for 
scalar, complex (phasor), 
and vector quantities are 
given, as well as tabula- 
tions of the symbols in 
alphabetical order of the 
names of quantities, Eng- 
lish letter symbols, and 
Greek letter symbols. 


Price: $0.60; there is a 
50 per cent discount for 
AIEE members. 


Address orders to: 


AIEE 
ORDER DEPARTMENT 
33 West 39th Street 
New York 18, N. Y. 
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KERITE CABLE 


YHE KERITE COMPAN Y—30 Church St., New York 7, N. Y. 
Offices also at 122 S. Michigan Ave., Chicago; 582 Market St., San Francisco; 
3901 San Fernando Rd., Glendale 4, Calif.; 31 St. James Ave., Boston 
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what a difference 


-with COPE CABLE TROUGH 


SEEING IS BELIEVING! Here you can see at a 
glance the time, material and labor savings pos- 
sible on cable installations through the use of 
Cope Cable Trough. Both of these photographs 
were taken at the City of Glendale (California) 
generating plant. The upper and older installa- 
tion shows 126 - 1%4” conduits containing cables 
for controlling the auxiliaries for two turbine gen- 
erators. Just look at the tremendous number of 
bends and fittings, and the complicated hanger 
construction needed to support this maze of con- 
duit. You can imagine the high cost of engineering, 
material, and installation this entailed, even be- 
fore the big job of pulling cable through the con- 
duits was possible. 

Now examine the lower, recent installation (view 
taken during construction) involving control of two 
additional generators, where cables for control 
conduits 480 volt auxiliary power, and 2400 volt 
auxiliary power are carried in Cope Cable Trough. 
It was a simple job to lay out and erect this trough 
using standard lengths and fittings. Costs were 
but a fraction of the older method; time and mate- 
rial were saved and accessibility for visual cable 
inspection is provided. Additional cables may 
be added with great ease. 

You, too, can make such savings. 


A detailed bulletin giving all the facts about Cope 
Cable Trough will be sent upon request. Write for it. 
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Above—one of the two 2,000 KVA unit sub-stations 
powered by an Uptegraff Dry Type Transformer, 
located near the assembly line. 


where and as needed... 


with 


UPTEGRAFF 


transtormers 


Located close to the center of their electrical loads, the 
Uptegraff Dry Type Transformers shown here serve 
efficiently in the Newark, Ohio plant of the Ohio Gear 
and Axle Division of Timken-Detroit Axle Company. 
Line losses are reduced by the central location of the 
transformers, and power characteristics are improved. 
In this plant are two 2000 KVA and two 1000 KVA dry 
type Uptegraff Transformers. Supplying these indoor dry 
type Uptegraff transformers is a 6000 KVA oil-cooled 
Outdoor Power Transformer. 


R. E. Uptegraff Manufacturing Co. 


Scottdale, Pennsylvania 


6000 KVA Uptegraff Outdoor Power Transformer 
supplying the entire plant is shown at the right. 
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——— etl PAD 
50 ohms’) >, 


(VSWR 1.2 to 3000 me. i 
ne watt c.w. power dissipation 


j 
a 
A) 


Inquiries are invited 
concerning single pads 
and turrets having 


: other characteristics 


Ps STODDART AIRCRAFT RADIO CO., INC. 


6644-B SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA 
HOllywood 4-9294 


2 


Measurements 
Corporation 


MODEL 59 


MEGACYCLE . 
METER (ae 
The only 
grid-dip 
meter 
covering the j 
wide range | 
of S 
2.2 Mc. 
to 
400 Mc. 


FREQUENCY CALIBRATION: +2% 


For determining the resonant 
frequency of tuned circuits, an- 
tennas, transmission lines, by- 
pass condensers, chokes, ete. 
For measuring inductance and 
capacitance. May also be used 
as an auxiliary signal genera- 
tor; for signal tracing and many 
other applications. 


Complete data on request. 


MEASUREMENTS 
CORPORATION 


BOONTON HY) NEW JERSEY 


LIGHTNING 
REFERENCE 
BIBLIOGRAPHY 
1936-1949 


Prepared by the AIEE Light- 
ning and Insulator Subcom- 
mittee, this bibliography, S-37, 
contains 754 separate refer- 
ences on lightning and re- 
lated topics published from 
January 1, 1936, to December 
31, 1949, in most of the better 
known English, French, and 
German journals on electri- 
cal engineering or physics. 


For easy reference, there is 
a Subject Section, subdivided 
into 18 classifications, and an 
AuthorSection, which contains 
a list of about 550 authors. 
Price: $0.70 ($0.35 to AIEE 
members). 


Available from the Order 
Department, AMERICAN IN- 
STITUTE OF ELECTRICAL 
ENGINEERS, 33 West 39th 
Street, New York, N. Y. 


12-53 


382A Please mention ELECTRICAL ENGINEERING when writing to advertisers DECEMBER 1953 


A special issue containing 


A 15 N.T.S.C. Monographs 


The National Television Systems Committee has authorized 
IRE to publish its long awaited Monographs in the January 
1954 special Color Television issue of ‘Proceedings of the 
I-R:E” — thus giving them industry-wide distribution for 
the first time in print. 


A 25 additional Color TV articles - 


will also appear in this issue, which brings the reader up- 
to-the-minute on the developments of Color Television. Cop- 
ies of the first Color Television issue are still available and 
combined with this second Color Television issue will form 
a complete bibliography of major historical importance. 
Also included in the January issue will be a complete listing 
of the N.T.S.C. system specifications as submitted to the 
F.C.C.; and field test reports on the system’s performance. 


A in “Proceedings of the I-R°E” January ‘54 


Available to non-members for $3.00. Extra copies to I R E 
members are $1.25. All members get one copy free! 


Another 
Meatei 7 Pr [ IRE is an organization of 33,312 member-engineers. There are 
Jssue! Pe ee no company memberships. Operating continuously since 1918, 


ir of the ef. s ° ° ohp oa O = 5 
he PRE its sections meet in 78 cities. 21 specialized Professional 
Groups widen the scope of its member-services and 40 tech- 
nical committees help the industry. 


“Proceedings of the I*R°E” 


Published by 


THE INSTITUTE OF RADIO ENGINEERS 


1 East 79th Street, New York 21, N.Y. 


Please place orders before December 10th. 
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1878: Thomas Edison builds an electric motor for his Menlo 
Park “Express.” ...1910: G.E. establishes motor leadership 
in the infant electric industry....1925: G.E. adds 4 times 
more power per pound as it develops newer models... . 1939: 
first Tri-Clad motor sets 14-year standard. 


General Electric Announces... 


A NEW MILESTONE 


IN MOTOR HISTORY 
New J#/ 55) CLAD motor climaxes 


75 years of engineering leadership 


l The General Electric Tri/Clad ‘55’ is an important milestone in motor history. 
For this is a completely new motor. Born out of thousands of engineering man- 
hours, the Tri/Clad ‘55’ incorporates design improvements that go far beyond 
mere modifications. Many years of pure research, the discovery of new, better 
materials, the knowledge of how to make better use of present materials, and 
improved manufacturing processes all make the Tri/Clad ‘55’ motor the new 
leader in the motor field. 

You as a motor user should take the opportunity to see and test this motor for 
yourself. Contact your nearest G.E. Apparatus Sales Office or G.E. Motor Agent 
and tell him you want to see the new G-E Tri/Clad ‘55’. General Electric Com- 
pany, Schenectady 5, N. Y. 648-4 


system 
Best “Secled’” bearing 


system using best grease 
evailable for this type 


using ordinary 


Bear 
motor grease 


iets ah ale 


DESIGNED FOR BETTER PERFORM- 
ANCE: Tri/Clad ‘55’ has a low noise 
level... runs cool... gives up to 
53% increase in shaft output per 
pound...has higher full-load speeds. 


ENGINEERED FOR LESS MAINTE- 
NANCE: 10%-life tests (such as the 
one shown) prove the Tri/Clad ‘55’ 
bearings last longer without regreas- 
ing than any other bearing system. 


BUILT TO LAST LONGER: cast-iron 
strength ... more fully enclosed 
dripproof construction . . . water- 
shedding stator windings... poly- 
ester film insulation 8 times stronger. 


oo 
oe 


SWITCH-ROD 


INSULATOR 


Le Ae SS NED ERA 
ecru opanetorcemamt aren 


This “special” Lapp insulator is a regular catalog 
item, and may be found on page 79 of the current Lapp 
Catalog No. Seven. It is regularly supplied, in con- 


siderable quantities, directly to power companies and 
through switch manufacturers. This particular com- 
bination, porcelain and attached caps, is a design now 
27 years old, and it has performed with distinction, 
mechanically and electrically. For certain of your oper- 
ating problems it may be a complete solution. 
Beyond that, however, this particular insulator is 
of interest in the genealogy of electrical porcelain. 
Designed and first produced in 1926, it is the first unit 
of the now widely-used Lapp Post design. With char- 
acteristic fog-type leakage corrugations, it is a closed- 
end porcelain with integral top diaphragm, and sanded 
surfaces for outside bonding of metal caps. The Lapp 
Line Post and Station Post designs which followed a 


few years later were logical steps in the whole series of 


Lapp-pioneered improvements in operating charac- 
teristics of transmission and station insulators—and 


the resulting improved reliability of systems on which 


al p they are used. Lapp Insulator Co., Inc., Le Roy, N.Y. 
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eiiiasisco 


PRC, 


witchboard to 
Precision Data 


@ For temperature, batch weigh- 
ing, force and other measurements 
... investigate the Speedomax 
Model D Indicator. It gives you 
more points than any other one 
instrument. Write today for 
Folder ND46(4), Leeds & North- 
rup Company, 4962 Stenton 
Avenue, Philadelphia 44, Pa. 


Jrl Ad ND46 (12) 


900-Kva Transformer 


Fits in 50-Kva Vault 


When Public Service Company of New Hamp- 
shire increased many kva sizes in their network 
system due to load growth, it was evident that the 
original planning was wisely made for future ex- 
pansion. The above photograph tells why. It shows 
a500-kva Allis-Chalmers transformer being placed 
in a vault which originally housed a 50-kva trans- 
former. Except for addition of a new vault cover, 
no vault changes were needed because of the new 
500-kva Allis-Chalmers network transformer’s 
compact design. Thus, installation costs were held 
to a minimum. 


Installing a transformer in close quarters like this, 
places greater than usual importance on depend- 
ability. The rugged construction of Allis-Chalmers 
transformers, backed by most careful attention to 


manufacturing details, enabled them to measure 
up to the job. For example—a special bituminous 
compound gives added protection to surfaces and 
tubes in the base area. And spiral wound metallic 
gaskets give the best possible sealing for bushings. 
Welded covers, too, help eliminate future gasket 
maintenance. 

Equally important is the location of transformer 
accessories, especially when working with limited 
dimensions, All of the accessories are located for 
convenient observation or operation. 


There are many more reasons why it will pay ta 
investigate the advantages of Allis-Chalmers net- 
work transformers. Get more details from yout 
nearby Allis-Chalmers district office or write 
Allis-Chalmers, Milwaukee 1, Wisconsin. A-407: 


Here an Allis-Chalmers transformer is being installed at the corner of West Central Street 
and Hampshire Lane in Manchester, N. H. Neighborhood is an average growth area, but 


one where network reliability is extremely important. It includes stores, apartments, a 
school, and several restaurants. This 500-kva Allis-Chalmers transformer replaced a 50- 


kva transformer. The vault did not have to be enlarged. 


ALLIS-CHALMERS 


Nag ! Qs 
aM h ees for 


ENGINEERS 


A series of three articles 
sponsored by the Subcom- 
mittee on Mathematics of the 
AIEE Committee on Basic 
Sciences: 


“Fitting Functions to 
Special low voltage high Fitting 3 
current Hea ie Engineering Data 
ask for bulletin 1115. 
**Method of Graeco- 
Latin Squares”’ 
‘‘Partial Differential 
Equations’”’ 


/ Vf, BB ERG Price for Special Publication 
S.28 is $0.30 (0.15 to AIEE 


members). 


S p F C A L Address orders to: 


AIEE ORDER DEPARTMENT 
TRANSFORMERS 39 West 39th Street 
New York 18, N. Y. 


12-53 


.. AND MANY OTHER SPECIALS e 


FOR MANY DIFFERENT USES. 
New Sections of 


POWER CIRCUIT 
BREAKER STANDARD 


C 37.7 $.30 


Interrupter Rating Factors 
for Reclosing Service 


(revision of 1945 section) 


C 37.8 $.30 


Rated Control Voltages 
and Their Ranges 


(revision of 1945 section) 
C 37.12 $.60 


‘ Guide Specifications 
Lindberg Dual Filament Trans- Lindberg General Purpose New section intended as a 
formers for industrial and Transformers for power and lore f h d 
communications work , . ask lighting . . ask for bulletin F relerence lor purchasers an: 


for spec sheet E-201-2, 1111, manufacturers in the prepa- 
ration of requests for quota- 
tions and bids. 


LINOBERG. 1RANsroRMeRs AIEE ORDER DEPARTMENT 


: ; 5 Tay, 33 West 39th Street 
ransformer Division, Lindberg Engineering Company 
2450 West Hubbard Street, Chicago 12, Illinois - New York 18, Ne 
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Coaxial connectors and cable 
made by Microdot Division, 
Felts Corporation, S. Pasadena, Calif. 


REG. U5, pat. OFF 
BETTER THINGS FOR BETTER LIVING 
. -. THROUGH CHEMISTRY 


Polychemicals 


DEPARTMENT 


PLASTICS * CHEMICALS 


... heat resistance and strength 
in new miniature parts 


The demand for micro-miniature components in scale 
with miniaturized circuit designs has created an insu- 
lating problem. Miniature circuits often develop high 
heat and carry an increased electrical load that can 
result in failure of these tiny components. 

The Felts Corporation faced such a problem with its 
miniature coaxial connector. They needed a material 
for the connector and primary wire insulation that had 
good dielectric properties and a wide resistance to heat, 
chemicals and corrosion. It also had to be moisture- 
resistant and strong. 

After testing many materials, they chose Du Pont 
“Teflon” tetrafluoroethylene resin. “Teflon” is an 
excellent insulator. It has a dielectric constant of 2.0 
and a loss factor of 0.0005. Its power factor is less than 
0.05 % even at frequencies as high as 30,000 megacycles. 
And these dielectric properties are unaffected by tem- 
peratures from -80°F. to 500°F. Du Pont ‘““Teflon” is 
inert to all chemicals except molten alkali metals and 
fluorine. It is tough and durable—will not crack or are. 
“‘Teflon”’ has zero water absorption and helps reduce 
self-generated noise at high termination impedances. 

Du Pont ‘Teflon’? serves many uses in electrical 
equipment—stand-off and feed-thru insulator terminals, 
insulation for wire, cables and motor windings, and 
other parts where high temperatures, dielectric strength 
and durability are required. Perhaps ‘“Teflon’’ can help 
you improve or develop a product. For full information, 
write: E. I. du Pont de Nemours & Co. (Inc.), Poly- 
chemicals Department, Room 2112T, Du Pont Bldg., 
Wilmington 98, Delaware. 


#REG. U. S. PAT. OFF. 


ss De 
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Builds greater loads 


Stearns lifting magnet, wound with Quin- 
terra Type 5 Electrical Insulation, carries 
heavier loads for longer periods, has greater 
protection against short-circuited windings. 


with eae asbestos 


@ Stearns Magnetic Inc. —a pioneer 
in its field —wanted improved per- 
formance for lifting magnets. So they 
turned to Quinterra Electrical Insu- 
lations to insulate the turns of cop- 
per strap in the pancake coils and to 
protect lead wires. The thinness, flex- 
ibility and uniform caliper of Quin- 
terra permit a higher number of 
turns of copper ribbon per given area. 
Quinterra thereby improves thespace 
factor and increases efficiency. Its 
lasting dielectric strength, high ther- 
mal stability and good heat dissipa- 


JOHNS-MANVILLE 


tion permit heavier current loads 
with less danger of shorting the coils. 

This application is typical of the 
many ways in which Quinterra Elec- 
trical Insulations help improve prod- 
uct performance. With these insula- 
tions, manufacturers can also reduce 
equipment size, save weight and ma- 
terials. Quinterra permits equipment 
to operate at higher temperatures 
because it remains a dielectric de- 
spite heat and time. . . the bulk of 
its dielectric strength is in the highly 
purified asbestos base sheet. More- 


electrical insulation 


over, it has ample mechanical 
strength for normal handling and re- 
sists corrosion. Available both in 
treated and untreated forms. 

Quinterra Electrical Insulations 
may lower your production costs and 
improve product performance. For 
more information, send for free book- 
let EL-40A, ‘“‘Pyrolysis Protection 
Pays Well.” 

Simply write to Johns-Manville, 
Box 60, New York 16, New York. In 
Canada, the address is 199 Bay 
Street, Toronto 1, Ontario. 


V,| Johns-Manville ELECTRICAL INSULATIONS 


PRODUCTS 
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WE MAKE OUR OWN RAIN... 


A 


Victor No. 245-R Transmission Pintype 
undergoing standard EE1-NEMA wet 
flashover test in the Victor Laboratory. 


The superiority of Victor design and manufacture 
is proven in the laboratory as well as in the field. Take 
Victor High Voltage Pintypes, for example. Here, in 
the wet flashover test shown above, the insulator is 
being subjected to controlled artificial rain while 60- 
cycle current is applied in gradually increased voltage 
steps until flashover occurs. 

This is only one of the many tests which are con- 
stantly being made in the Victor Testing Laboratories 
to assure you of highest quality and conformance to 
specifications. That is why Victor Transmission Pin- 
types give you proven wet weather protection and 
longer, trouble-free service on your lines. Choose Victor 
'__the power man’s best buy! 


EEI-NEMA Class 56-3 
3 : 


W/CTOR INSULATORS | 


VICTOR INSULATORS, INC., VICTOR, N. Y. 


FREE BOOKLET 


’ gives you the full 
story of how Vic- 
tor Insulators are 
made— how and 
why Purified 
Porcelain was de- 
veloped. Write 
us for your copy. 


Guy Strains * Spools Switch and Bus Insulators * Custom Designed Porcelain 


Low and High Voltage Pintypes * Suspensions * 


48A 


Here are four 
typical trans- 
former designs 
of Oil Burner 
Ignition Trans- 
formers, Televi- 
sion Transform- 
ers, Plastic 
Sealed Trans- 
formers and 
Hermetic Sealed 
Transformers. 


Whether your 
need for trans- 
formers involve 
a household pro- 
duct, commer- 
cial installation 
or use by the 
military services, 
your best source 
of supply is 
Acme Electric. 


Acme Electric is 
a thoroly trained 
organization, 
with experience 
to build special 
transformers in 
production quan- 
tities to high 


quality standards. 


We have com- 
plete facilities to 
produce and test 
transformers cov- 
ered by MIL-T-27 
specifications. 


ACME ELECTRIC CORPORATION 


CUBA, N.Y. 


2212 WATER STREET 
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TYPE “FT” 


CURTIS 
TERMINAL BLOCKS 


for — 


Experimental work (Build-up) 
Feed-thru applications 
High current requirements 
Control wiring 
Locked-in connections 
Combination terminals 
in— 
Factory assembled and kit form. 
Tell us your terminal block problems 


— for engineered recommendations. 


TYPE “M” TYPE “MT” 


CURTTS vtvetopment & MFG. CO. 


3216 North 33rd Street, Milwaukee 16, Wisconsin 


NEED A COMPLEX 


INSULATOR? 


If you have an insulator design that looks like 
a Chinese puzzle, Universal can produce it for 
you in porcelain . . . with every detail meeting 
your exact specifications, every piece held to 
close tolerance and uniform body density. 


Universal Porcelain combines high dielectric 
and physical strength . . . insulators are un- 
affected by hot arcing and thermal shock; 
resistant to temperatures, chemicals, moisture, 
fumes. Intricate or simple, long run or short, 
specify economical long-lifed Universal 


Porcelain Insulators on your next job. 


He UNIVERSAL 


1560 EAST FIRST STREET 


CLAY PRODUCTS CO. 
SANDUSKY, OHIO 


CSET 6, ees 


DECEMBER 1953 


How 
wire 
covering 


of 


BAKELITE 


TRADE-MARK 


behaves 


under 
water 


Immersed in water at 50 deg. C. up to 24 weeks, 
carrying 600 volts, these samples of wire were 
tested weekly. The insulation resistance of their 
BakELITE Polyethylene covering was found to 
be unaffected. 

Equally severe are the tests used to check other 
physical and electrical properties of BAKELITE 
Polyethylene. This remarkable line wire cover- 
ing withstands abrasion, weathering, and chem- 
icals. The approved black compound resists 
deformation up to 90 deg. C., stays flexible at 
temperatures as low as —70 deg. C. It meets ASA 
suggested specifications (second draft: July 20, 
1952) for weather-resistant wire and cable. 


BaxkELITE Polyethylene (black compound ) 
has a specific gravity of only 0.94—lighter weight 
that means easier stringing. Its outstanding 
physical and electrical properties provide a 
thinner wire covering that speeds stripping and 
splicing. Its smooth waxlike finish helps in pull- 
ing over crossarms. Extruded over wire, a cov- 
ering of BAKELITE Polyethylene won't festoon. 

To learn about the properties of BAKELITE 


Polyethylene in detail, get your free copy of 
Kabelitems No. 48. Write Dept. QZ- 66. 


OUTSTANDING ELECTRICAL PROPERTIES (black 
compound) for signal systems and service drop, 
wet or dry—at 50 megacycles and 25 deg. C., power 
factor is only 0.004; dielectric constant is 2.5. 
These values hold through the range from 60 cycles 
to 5 x 10’ cycles. Operating temperatures up to 90 
deg. C. have little effect on electrical properties. 
Insulation resistance is too high to measure on con- 
ventional testing devices. BAKELITE Polyethylene 
excels in resistance to voltage breakdown, even 
after long-continued water immersion. 


BAKELITE 


TRADE-MARK 


WIRE COVERING 


In Canada: Bakelite Company (Canada) Ltd., Belleville, Ontario 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [43 30 East 42nd Street, New York 17, N.Y. 
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LABORATORY INSTRUMENTS 


TURBINE 


3600-RPM 
MOTOR 


IMPELLER 


RESTRAINING SPRING 


INDICATOR DIAL 


HOW IT WORKS! 


Gas molecules, set in motion by constant-speed 
impeller, impinge upon spring-restrained turbine 
causing turbine (and indicator pointer) to move 
a distance proportional to amount of kinetic 
energy transferred. This transfer of energy is a 
measure of number of gas molecules present and, 
therefore, is also a measure of the gas pressure. 


FOR SIMPLIFIED VACUUM MEASUREMENT—EASY OPERATION—EASY INSTALLATION... 


G.E. Announces Revolutionary New Molecular Vacuum Gage 


Similar to a “‘fluid clutch”’ in principle 
of operation, this new entirely mechani- 
cal molecular vacuum gage overcomes 
many of the problems encountered in 
the use of other type vacuum gages. 


NO PRIMARY ELEMENT TO BURN OUT 
Having no electronic tubes or other 


New G-E gage is easy to mount, and its small 
size requires but a minimum of panel space. 


electrical detecting devices, the new 
G-E molecular vacuum gage assures 
continuous operation without time- 
consuming delays caused by electrical 
failure such as tube burnout. 


UNHARMED BY 
ATMOSPHERIC PRESSURE 


Because this new device may be 
opened to atmospheric pressure sud- 
denly without damage to the _ in- 
strument, it is especially valuable where 
personnel may be untrained in the use 
of complicated instruments. 


SIMPLIFIED OPERATION 
The new G-E molecular vacuum gage 
requires no complicated setting of con- 
trol knobs. Direct-reading, the instru- 


530A 
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ment calibration remains unaltered 
through continuous operation. The 
long-scale span in the high-vacuum 
range, and the easy-to-read indicator 
dial assure accurate readings. 


HIGHLY VERSATILE 


Available in two types, the molecular 
vacuum gage is supplied with a scale 
for the direct reading of dry air, or 
with a linear scale which may be cali- 
brated for other gases. It is therefore 
suitable for laboratory and research in- 
stallations as well as for many manu- 
facturing and chemical processes. Price 
of the complete unit is $193.00.* For 


further information check coupon for — 


Bulletin GEC-986. 
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The United Shoe Machinery Corpora- 
tion’s research division gets the answers 
to timing and strain design problems by 
using General Electric PM-10 oscillo- 
graphs. 


PM-10 USED WITH STRAIN GAGES 

A lever and cam system on their new 
Welt Butting and Tacking Machine, 
Model B, was breaking and causing high 
maintenance expense. In order to find 
the cause of the trouble, a six channel 
a-c strain gage amplifier was used in 
conjunction with a PM-10 oscillograph 
to record the strains while the machine 


Costly Production Problems Easily sched 
with the use of General Electric Oscillograph 


was operating normally. The answers 
obtained enabled USMC engineers to 
quickly solve this important field service 
problem. 


RECORDS MANY QUANTITIES 


Designed to meet the wide field of 
applications for a twelve-element oscillo- 
graph, the Type PM-10 can be used to 
make simultaneous records of voltage, 
current, time, pressure, speed, stress, 
strain, sound, and vibration. Viewing 
while a record is being made is possible. 
Timing lines can be recorded directly on 


General Electric Oscillograph Aids Relay 
Manufacturer in Developmental Testing 


Oscillograms in one minute was the 
answer recently when a large electrical 
manufacturer found it necessary to 
make some rapid development tests on 
a new type relay. The General Electric 


Polaroid-Land film holder makes possible 
permanent records of each test with PM-18. 


PM-18 oscillograph, equipped with a 
Polaroid-Land film holder, enabled the 
manufacturer to obtain permanent 
records of each test one minute after 
test, and to complete an entire series 
of eight tests in one hour. 


HIGH SENSITIVITY 
The General Electric PM-18 oscillo- 
graph features a variety of highly sensi- 
tive galvanometers and adjustable time 
sweep of 0.1 to 0.5 seconds. 


4 SIMULTANEOUS RECORDS 

Designed to record two, three, or 
four currents or voltages simultane- 
ously, the PM-18 can be used for sine- 
wave frequencies up to 500 cycles per 
second with its Polaroid-Land film 
holder and up to 2000 cycles per second 
with the continuous-drive film-holder 
attachment. 


EASILY PORTABLE 
Weighing only 30 pounds, the PM-18 
can be readily carried to where it is 


GENERAL @@ ELECTRIC 
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Studies with Type PM-10 oscillograph at 
United Shoe Machinery Corporation resulted 
in substantial savings in maintenance costs. 


the film. Prices start at $4000.00* for the 
complete equipment. For more informa- 
tion check coupon for Bulletin GEC-449. 


needed. It is not necessary to bring the 
job to the oscillograph. 
LOW COST 


The General Electric PM-18 oscillo- 
graph, complete with Polaroid-Land 
film holder and two galvanometers costs 
only $850.59.* Check coupon for free 
Bulletin, GEC-580. 


* Manufacturer's suggested retail price, 


NEW... 


1953 CATALOG 


G-E Measuring 

Equipment 
64 pages describing all 
of General Electric’s 
testing and measuring 
devices. For free copy 
check GEC-1016A in 
coupon, 


for coupon and 
more news about 


G-E Instruments 
SEE NEXT PAGE — 
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PRODUCTION INSTRUMENTS 
| 


G-E VIBROMETER RECORDS PUNCH-PRESS VIBRATION; GUARDS AGAINST BREAKDOWNS. 


Vibrometer Price. Reduced 39% 


Extremely versatile, General Electric’s 
recording vibrometer is especially valu- 
able in production testing, and installing 
and maintaining rotating equipment. 


NEW LOW PRICE $265.20* 
Because production-line manufactur- 
ing, necessitated by increased demand, 
has lowered production costs, General 
Electric now offers its portable record- 

ing vibrometer at only $265.20.* 


HIGHLY VERSATILE 
Two chart speeds are available; 1 inch 
per second, and 3 inches per second. 
The G-E recorder measures frequencies 
ranging from 10 cps to 120 cps, with a 
0 to 20 G acceleration range. The 
vibrometer is accurate to within 5 per 


cent and measures amplitude from 5 to 
125 mils. 


EASY TO USE 

The G-E recording vibrometer is par- 
ticularly easy to operate. Because it 
makes a permanent record of vibration 
characteristics, accurate records can be 
kept of equipment that requires fre- 
quent inspection. Wave shape, fre- 
quency, and displacement of vibration 
is amplified and transferred to a waxed 
paper chart. This permanent record is 
then available for vibration analysis of 
the equipment. 


CHECK COUPON FOR BULLETIN 

Bulletin GEC-853 describes General 
Electric’s complete line of vibration 
measuring equipment in detail. 
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Prevent Vibration Damage with 
Low-cost Portable Vibrometer 


Areas of potential vibration damage in 
rotating machinery or buildings can be 
located immediately with thisinexpensive 
G-E light-beam vibration indicator. 


PORTABLE AND ACCURATE 
Portability and high accuracy com- 
bined with no setup time are features 
which make the indicator ideal for pro- 
duction testing. 


Simple, compact construction gives the light- 
beam vibrometer a long working life. 


CONVENIENT TO USE 

To use, you merely place the stylus 
of the instrument against the vibrating 
object and take a direct reading in mils. 
The length of the oscillating light’s path 
indicates the peak-to-peak vibration dis- 
placement. 

LONG LIFE 

Simple construction gives this prac- 
tical instrument a long working life. 
Only a few small moving parts are used. 
The battery is long-lived because the 
light beam switches off automatically 
when pressure is removed from the 
stylus. 

LOW PRICE 

Available with either of two scales— 
0-15 and 0-30 mils—the G-E light- 
beam vibrometer is accurate to within 
+ 3% of full scale. Price $195.00.* Check 
coupon for Bulletin GEC-853. 


DISTRIBUTORS! 


Distributor franchises are now available 
for many G-E instruments. For further infor- 
mation contact: Meter & Instrument Sales 


Department, General Electric Company, 
West Lynn, Massachusetts. 
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| How a Regulator 
Adds Profits 2 Ways 


By Increasing System Revenue. You get an accurate +1 
volt band over 20% range of regulation when you apply 
Allis-Chalmers distribution regulators to your loads. No more 
trouble from low voltage during peak loads; maximum profits 
from your system at all times. Best of all, your customers 
are more satisfied — service calls due to low voltage can be 
practically eliminated. 


By Holding Future Service Costs to a Minimum. 
Thanks to unit construction, you are assured of practically 
trouble-free operation with Allis-Chalmers distribution regu- 
lators. High quality workmanship is assured by constructing 
as an integral unit: bushings, cover, transformer, mechanism, 
and control. All connections are made and inspected before 
tanking. Same feature simplifies future inspection and main- 
tenance by making untanking easy, permitting operation of 
regulators outside of tank without making special connec- 
tions. For more facts, call your nearby A-C district office, or 
write Allis-Chalmers, Milwaukee 1, Wisconsin. A-4106 


RATINGS 7620 Volts—15, 50, 100 amp 


5000 Volts—50, 100 amp 


AVAILABLE § = 2500 volts—100, 200 amp 


ALLIS-CHALMERS 


Originators of ¥g7%o Step Regulation : 
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says INGALLS SHIPBUILDING COMPANY, 
world-famous shipbuilder, Pascagoula, Mississippi 


At this vast shipyard, Ingalls has 1200 welding 
machines, and 1000 welders to man them. The 
Amerclad Welding Cable is run at top amperage 
16 to 24 hours a day. It is dragged over razor-edged 
steel scrap and battered under heavy loads. It comes 
into contact with fresh welds while they are still red 
hot, and it is constantly showered with flaming slag 
from the burners’ torches. 

Mr. C. A. Guynn is the Master Mechanic at 
Ingalls in charge of all maintenance and service. He 
says this: “We’re an all-welded shipbuilder, and we 
can’t stand lost production time due to faulty cable. 


Our cable has to withstand heat and abuse, and it 
has to be flexible. An extra-flexible cable like Amer- 
clad is easy on the welder’s wrists, and it lasts twice 
as long as cables that lack this feature.” 

This great shipyard uses 60,000 feet of welding 
cable a year. But whether you use 60,000 feet or 
600; whether you need a rugged cable for welding 
machines, power shovels or electric hand drills— 
there’s a tough Amerclad design to give you the 
very best service life. 

Send the coupon for more information about 
U-S-S Amerclad. 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL CORPORATION, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS * TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


Ingalls uses lots of Amerclad for portable power tools. 
Here, it powers a half-inch electric drill used to bore 6-inch 
shoring timbers. 


This is a typical shipyard operating condition. The cable 
is exposed to all kinds of weather, and dragged over sharp 
steel plates and beams. 


A STANDARD CABLE FOR 
shovel & dredge cable 


paper & varnished cambric cable 


asbestos wire and cable 


aerial, underground & submarine cable 
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NEW STANDARDS 
(Issued January 1953) 


AUTOMATIC CIRCUIT RECLOSERS 
FOR A-C DISTRIBUTION SYSTEMS 
No. 50 


All single or multipole alternating- 
current automatic circuit reclosers for 
the nominal voltages from 1500 to 
23,000 volts 


Price: $.60; $.30 to AIEE members 
5 


GUIDE FOR TEMPERATURE 
CORRELATION IN THE CONNECTION 
OF INSULATED WIRE AND CABLES 

TO ELECTRIC EQUIPMENT 

No. 55 


A general section which relates to the 
temperature correlation problem as a 
whole, as an aid in determining proper 
cable termination practice when making 
connections to electric equipment 


Price: $.60; $.30 to AIEE members 
. 


PREFERRED STANDARDS AND 
STANDARD SPECIFICATION DATA 
FOR LARGE 3600 RPM, 3-PHASE, 
60-CYCLE CONDENSING STEAM 
TURBINE-GENERATORS 


(Larger than 10,000 kw rated capacity) 
AIEE No. 601-602; also ASME 100 


Preferred standard ratings and charac- 
teristics of steam turbine-generators to 
simplify electric design work by estab- 
lishing more nearly uniform specifica- 
tions. General acceptance of these 
data should result in reduced prices 
and shorter deliveries than for non- 
|| standard machines 


Price: $.60; $.30 to AIEE members 
* 


TEST CODE FOR 
D-C AIRCRAFT MACHINES 
No. 800 


Defines uniformly acceptable methods 
of making tests to determine that the 
performance and other characteristics 
of d-c rotating machines for aircraft 
comply with specification and applica- 
tion requirements 


Price: $.80; $.40 to AIEE members 
@ 


Order Department 


American Institute of 
Electrical Engineers 
33 W. 39th St., New York 18, N. Y. 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 61A 


DECEMBER 1953 


Another Step in 


are held at precise levels specified by our 
engineers. | aes 

The air in our winding rooms, for ex- 
ample, is continuously filtered so that 
no foreign particles may settle upon the 
windings themselves and contribute to 
ultimate failures. Similarly, capacitors 
are assembled, after vacuum impregna- 
tion, in clean rooms, where relative hu- 
midity is controlled at all times. These 
safeguards against inclusion of extraneous 
matter or moisture have resulted in in- 
creasingly satisfactory life and allied per- 
formances in Fast capacitors. 


Process-stage from incoming inspection to 
final testing. At points where statistical 
control is applicable, our inspectors util- 
ize techniques which comply with or ex- 
ceed specifications laid down by the 
Armed Services Procurement Branches. 
At final testing stations each production 
lot is given 100% test and inspection. 
Our belief is that a single failure out of 
a thousand may satisfy any sampling re- 
quirement, but it may be extremely costly 
to the consumer. Our investment in pre- 
cision testing devices and extensive lab- 


_ Supplementing this automatic vigilance 
is a completely equipped quality-control 
organization which functions at every 


) 


Vse [30 SAMPLE NUMBER 


onNE.Fast&@. 


Capacitor Specialists For Over A Third of A Century 
3169 North Pulaski Road, Chicago 41, Ill. 
“WHEN YOU THINK OF CAPACITORS 


Getting to the bottom of things 


At John E. Fast and Co., the watch- 


dogs of quality are on the job twenty- 
four hours a day, in every stage of 
capacitor production. Recording controls 


indicate the smallest variations in heat, 
humidity, pressure and vacuum at each 


Process point. Every precaution is taken 
to assure that environmental conditions 


oratory equipments is great, but its worth 
is reflected in our national reputation as 
producers of quality components. 

Comprehensive reports are maintained 
by inspection centers located at strategic 
production points. These reports are sum- 
marized weekly, and it is quite significant 
to note that both the President of the 
Company and the Vice-President and 
Chief Engineer meet each Saturday morn- 
ing with supervisors, engineers and mili- 
tary representatives to discuss the various 
problems indicated by process averages, 
and yield analyses for each production 
department. 

In these days when every hour taken 
from the production job is spared grudg- 
ingly, we still take these hours every wee 
to analyze and combat any threat to qual- 
ity performance. Increasingly rigid speci- 
fications for dimensional and operational 
characteristics have shown very clearly 
that control of quality can be achieved 
and maintained only by rigorous applica- 
tion of all the techniques and tools we 
are employing. 

No greater assurance of excellence may 
be given than that which has established 
our reputation. Our fixed objective will 
always be to maintain that reputation. 


AVAILABLE LITERATURE: 
Tubular reer in paper tubes. 65° or 85°C rating SEC. & 


Polystyrene Capacitors in paper tubes or metallic containers SEC. IV, 
CATALOG 25 


Hermetically-sealed Tubular Capacitors SEC. VI, CATALOG 25 
Subminiature Capacitors: Special Bulletin. 

dan C-25 Approved Capacitors: refer to Jan C-25, “Specifications” 
Power-Factor Correction Capacitors SECS. I, II, Ill, IV, CATALOG 27 


. THINK FAST” 


Industry looks to 


CHEMICAL PROCESS 
AND STEEL INDUSTRY 


RESEARCH 
CORPORATION 


for high 
dust collection 
efficiencies 


POWER PLANTS 


T’ 0 maintain visually clean 
stacks at all times, industry 
is turning to the long ex- 
perience of Research Cor- 
poration in the design and 
manufacture of highly 
efficient Cottrell Electrical 
Precipitators. We’ve spent 
40 years in solving such 
problems as nuisance abate- 
ment, cleaning gas for 
subsequent use and recover: 
ing materials of value. Write 
for illustrated bulletin 
describing a wide range of 
electrical precipitator 
applications. 


PULP AND PAPER INDUSTRY 


RESEARCH CORPORATION 


405 Lexington Ave., New York 17, New York 
122 South Michigan Ave., Chicago 3, Illinois 
Bound Brook, N. J. 


Specify the 
PEC 369 DUPLEX REPEATER & AIEE 
for reliable teletype service REPORTS 


These publications are pro- 
posals for new standards or 
test codes, or revisions of 
present publications, which 
are in the formative stage. 

They are made available, 
without cost, so that all in- 
terested individuals may ob- 
tain them for study and com- 
ment, thereby supplying 
practical experience in their 
use before submission for 
adoption. 


ASSES SoBe & 


16A Electric Control Appa- 
ratus for Land Trans- 
portation Vehicles 
(April 1951) 

28A Valve and Expulsion 
Type Lightning Ar- 
resters (February 


1950) 
51 Guiding Pane 
Dielectric Tests (Sep- 
E“PEG 369 Duplex a tember 1949) 
Eee a iene | 52 Application Guide for 
designed to meet require- Grounding of Instru- 


ments of railroad teletype 
services and is widely used 
by many of the Nation’s large 


ment Transformer 
Secondary Circuits 
and Cases (March 


railroads. It is compact, sim- 1951) 
ply adjusted and easily 3 Proposed Guide for 
rcintainod! Operation and Main- 


tenance of Dry Type 
Transformers with 


The PEC 369 Duplex Repeater uses the high speed circuit covered Clace. Be Inmnianee 


: in AAR Spec 2K22 and provides a wide operating margin in (October 1952) 
teletype service. One of the outstanding advantages of this 54 Standard, Test Code, 
| Duplex Set over other types, is the fact that all adjustments and Recommended Prac- 

checks of operating conditions can be made without the use of tice for Induction and 
external equipment, since test keys, meter and morse key are Dielectic Heating 
all an integral part of the PEC 369 Duplex Repeater. In other Equipment (October 


1952) 


502 Test Code for Single- 
Phase Motors (No- 


The set is arranged for relay rack mounting, has an efficient rear vember 1941) 
dust cover and has an overall panel height of only 14 inches. 
om ; : : 504 Test Code for Carbon 
Operating instructions on this Duplex Set should be of interest to all Brushes (October 
communications groups. Your copy will be sent to you upon request. 1953) 
801 Test Code for Aircraft 


Interrupting Devices 
(August 1950) 


words this Duplex Set includes its own test facilities. 


No charge for copies 


POWER EQUIPMEN 


American Institute of 
' Battery Chargers yx Battery Eliminators Electrical Engineers 
ty D.C. Power Supply Units + Regulated 


Exciters 4 and other Special Communica- _ 5740 NEVADA, EAST DETROIT 34, MICHIGAN 33 West 39th St., New York 18 
_tiens Equipment 12-53 


basse 
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TYPICAL CHARACTERISTICS 


MECHANICAL DATA ELECTRICAL DATA i 

Weight 1.45 oz. No load speed 6,500 RPM Boly cameron hequrc ote A pal 
Rotor inertia .46 gm-cm2 Stall torque -3 0z.-in. 

Theoretical 49,000 Maximum output .490 W. 


acceleration RAD/SEC2 Single phasing None 
DATA AT STALL FIXED PHASE CONTROL PHASE 


Voltage (volts} 26 26 
Frequency (cycles) 400 400 
Current (ma.) 166 166 
Power imput (watts) 3.1 Sy] 
Power factor -63 -63 
R—ohms 98.5 98.5 
X—ohms 323 123 
Z—ohms 157 157 


Servo Motor in a size 15 Frame, 
60 cycle, 115 volt 


Servo Motor in a size 23 Frame, 6 watt e/ps you 


Check these Servo Motors 
against your needs 
Ketay offers a complete line of high 


precision SYNCHROS, SERVO 
MOTORS and RESOLVERS., 


Ketay’s experience also includes: 
automatic control devices for use in 


fire control and missile systems; 
computers and simulators; ampli- 
fiers; marine inter-communication 


equipment; remote indicators such 
Bele i alleles Coal as ship course indicators, drive 
MECHANICAL DATA ELECTRICAL DATA 4 ‘ ba 2 : 
Weight 1.6 Ibs. No load speed 3,500 RPM angle indicators and salinity indi- TYPICAL CHARACTERISTICS 
Rotor inertia 20.0 gm-cm? Stall torque 7.5 0z.-in. b MECHANICAL DATA ELECTRICAL DATA 
Theoretical’ ~ 26,500 Maximum output 6.0 W. cators; and automatic control Weight 7.3 oz. No load speed 3,300 RPM 
acceleration RAD/SEC2 Single phasing None ' Rotominertia 3.03 am-cm® Stall torque 1 1.45 oz.-in. 
systems. Theoretical 8 Maximum outpu 5 & 
DATA AT STALL eee Steer pie Y acceleration RAD/ SEC? Single phasing None 
eries aratle 
° . FIXED CONTROL PHASE 
Voltage (volts) 115 5 57.5 Mail coupon today for bulletin Re Ayia eee eee hear, 
Frequency (cycles) 60 60 60 os ii ti 100 # | (volts) 15 see a s 
Current (ma.) 175. 175 350 ntainin specitications on oltage (volts i 
Power imput (watts) 14.0 14.0 14.0 co g P Patent see Be ae ts 
Power factor 0.70 0.70 0.70 urrent (ma. 
pacts 460 460 115 types of Synchros, Servo Motors Power imput (watts) 5.0 5.0, 5.0, 
X—oh 470 470 7 Power factor 82 8 8 
ka 660 660 164 and Resolvers. R—ohms 1780 1780 445 
Also for 115V of 230V operation on control phase. Pee MEK Beas ve 


DESIGN Ketay Manufacturing Corp. 
DEVELOPMENT 555 Broadway, New York 12, N. Y. 


— > MANUFACTURE 
--. Of precision instruments 


components, systems. 


MANUFACTURING CORPORATION 


Executive Offices West Coast Sales 
555 Broadway @ 12833 Simms Avenue 
New York 12, N. Y. Hawthorne, California 
New York Division * Kinetix Instrument Division * Pacific Division My current projects are 


Electronic Instrument Division * Research & Development Division 
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DOW CORNING | 


osts 
| wey 


2 


SILICONES aaa 


It has been repeatedly proved that you increase 
the life and reliability of hard working motors by a 
factor of 10 or more when you have them rebuilt 
with silicone (Class H) insulation or buy new 
Class H machines. That means that you can also 
reduce the amount of capital you have tied-up in 
replacement motors. 


Here’s a typical example. In one department of a 
metal working plant, 18 spare motors were kept 
in stock to replace motors on 20 turret lathes that 
failed at the rate of 1 a month. When those motors 
were rewound with Class H materials, the number 
of replacement motors was cut 72%; could be 


And, in this period of transition to new NEMA 
frame sizes, Class H is performing a special service. 
The men responsible for the operation of 14,000 
motors in a large plant are having stock motors 
rated at 2 hp at 850 rpm and 3 hp at 1150 rpm 
rewound with Class H to deliver 5 hp at 1750 rpm. 
That covers a shortage of 5 hp motors in inventory; 
costs 40% less than new motors that would be 
outmoded by the new NEMA standards. 


Any way you look at it, money invested in silicone 
(Class H) insulation pays handsome dividends in 
lower maintenance costs, more continuous pro- 


reduced still further because there have been no 
motor failures in more than 2 years. 


duction, greater capacity, lower motor inventory 
costs. And now is the time to capitalize on it. 


You can also reduce to a minimum motor outages due to bearing 
failure by using Dow Corning 44 Grease 


In open and single shielded bearings designed for high temperature 
operation, Dow Corning 44 has 8 to 10 times the life expectancy of con- 
ventional greases. It gives life-time lubrication in permanently sealed 
bearings. 


Dow Corning Corporation 
Dept. H-12, Midland, Michigan 


Please send me: 

0) Performance Data on Class H Machines. 

DO List of Class H motor repair shops. 

O Data on Silicone Grease for motor bearings. 


1) 24 page booklet entitled “Tall Tales and Fabulous DOW CORNING 
acts.’ 
~ eae DOW CORNING YANIKIIsw CORPORATION 
MIDLAND MICHIGAN 
Company z 
Street _ ipa ATLANTA + CHICAGO + CLEVELAND + DALLAS + DETROIT + LOS ANGELES - NEW YORK + WASHINGTON, D. C. 
(Silver Spring, Md.) 

City Zone State In Canada: Fiberglas Canada Ltd., Toronto + In Great Britain: Midland Silicones Ltd., London 
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Let NELSON buitd your BENCHBOARDS, 


CONTROL DESKS and CONTROL CONSOLES 


NELSON Piped & Wired Benchboard 
for electric power plant. 


The Nelson Electric Manufacturing 
Company is admirably qualified to 
manufacture custom-built control 
benchboards, control desks and control 
consoles. 


In producing these units we can 
process steel up to 14” plate. Mimic 
bus and other symbols can be applied to 
the face of the panel. Instrumentation 
is piped to bulkhead fittings and wired 
to terminal blocks as required. The 
assembly is shipped as a completed 
unit. 


NELSON Control Console. 


We will appreciate the opportunity of 
quoting on your requirements. 


NELSON Control Desk 
with switches, push but- 
tons and pilot lights 
mounted in explosion- 
nclosures. 


NELSON Generator Control 
Console. 


MN NELSON ¢4écZéc7 MANUFACTURING CO. 


TULSA, OKLAHOMA 


217 N. DETROIT AVE. TELEPHONE 2-5131 
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We make pintype and post insulators at O-B. We make 
them both as well as we know how, and improve them when- 
ever our experience shows where improvements can be 
made. Thus there is no need for us to make comparisons be- 
tween posts and pintypes, which may be misleading, and we 
do not recommend one over the other. Over a long, long 
time in the insulator business, we’ve learned that the right 
type on one line may not be the best choice for another. 
That choice is best made on the basis of user experience. 
Service records provide a fine guide to the selection of 
proper insulator types. 

So let’s pool insulator experience. You pick the right type 
for your line, and we'll provide the best! 


Ohio Brads 


MANSFIELD ~.|_ OHIO, U.S.A. 


4400-H 
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TO INDICATE aircraft position with | 
no ground-to-air communication 


Combat mission... or freight flight . . . now we are working 
to help the pilot locate his position without a radio beacon 
— merely by equipment right in the cockpit of his plane! 
Thanks to a Ford Instrument Company design, develop- 
ment and manufacture . . . another step is being taken toward 
greater flying safety. 

This is typical of the problems that F ord has been given 


You can see why a job with Ford Instrument offers young 
engineers a challenge. If you can qualify, there may be 
a spot for you in automatic control development at Ford. 
Write for brochure about products or job opportunities. 
State your preference. 


——— ee 


DECEMBER 1953 


by the Armed Forces since 1915. For from the vast engineer- 
ing and production facilities of the Ford Instrument Com- 
pany, come the mechanical, hydraulic, electro-mechanical, 
magnetic and electronic instruments that bring us our “to- 
morrows” today. Control problems of both Industry and the 
Military are Ford specialties. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 
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ELECTRICAL 
1521 E. Grand Ave., El Segundo, Calif. Phone: ORegon 8-3778 ENGINEERING 


CHICAGO: 205 W. Wacker Drive. Phone: Franklin 2-3889 
NEW YORK: 12 W. 32nd. St. Phone: Chickering 4-0016 


America’s 
pee Electrical 
EFFICIENCY to 87% ao Magazine 
RATINGS to 250 KW 2 
& 
More than 
LARGEST 
SUPPLIERS hp 00 
OF INDUSTRIAL é 18s 
POWER Circulation 
= 
RECTIFIERS : 
] 


You'll find the greatest 

names in the electrical 

industry using Electrical 
Engineering 


Electrical Engineering 
leads with the largest 
circulation of any 
engineering periodical 
in the electrical field 


Lowest cost per page 
per thousand circulation 


@ GUARANTEED 
| Ws Write for information 
ELECTRICAL 
“gis ENGINEERING 
| 500 Fifth Avenue 
AyD) New York 36, N. Y. 
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(N.E.C. TYPE ZWLV) 
(ove}-s e-em a t-3-9 INSTALLED 


For example, take a 430 
ampere load at 40°C Ambient 
temperature. To use type RH cable, 
an 800 MCM is required but with 
Rockbestos A.V.C. (AVA), a size 500 
MCM cable carries the same load and 
is 38% smaller. 


Three 800 MCM type RH cables re- 
quires a 4’ conduit, while with Rockbestos 
A.V.C. (AVA), a 3“ conduit does the job. 
What's more, the quicker, easier han- 
dling of lighter-weight Rockbestos A.V.C. 
(AVA) reduces labor costs substantially. 


IS THE AVC: 
= CONSTRUCTION THAT 
_ MAKES THE DIFFERENCE 


Compared size for size, Rockbestos 
A.V.C. (AVA) helps you increase capacity 
simply by rewiring old conduits. No new 
larger conduit, fittings and accompany- (ae peliedunebesiog 
ing labor are needed. : Wall 


To get the full story on the practical 
advantages of Rockbestos A.V.C. (AVA) 
high ampere cable—write for the book- 
let ‘‘—Cut Cable Costs.” 


Varnished Cambric 


Outer Felted Asbestos 
Wall 


You can get life-long 
dependable = service 
under severe operat- 


NEW HAVEN 4, CONNECTICUT 


/ NEW YORK e CLEVELAND e« DETROIT 
CHICAGO « PITTSBURGH « ST. LOUIS 
LOS ANGELES « NEW ORLEANS 
OAKLAND, CALIFORNIA « SEATTLE 
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ing conditions because 
these walls of impreg- 
nated felted asbestos 
permanently resist 
heat and moisture, 
mechanical damage 
and effectively seal 
the high dielectric 
varnished cambric 
tapes from deteriora- 
tion. 


To meet a specialized need, or where it has become advantageous to collate a number of papers on a subject 
in one pamphlet, a series of special publications has been established. Quantities are limited, but orders will 
be filled as fully as possible in order of receipt. Figures in parentheses indicate date of publication. Prices 


quoted are (M) for AIEE members, and (N) for nonmembers. 
: PRICE 


Is 
12 


S4 Advanced Methods of Mathematical Analysis as Applied to Electrical Engineering (1942)... . 
S57. Aircraft Technical Conference (1953) 


. S45 mee symposilumron Polyethylene (7/52), 40.57 ae taal: » « « » «aves asepiviatainarn ale gta Were me bite 
S12 Telemetering, Supervisory Control, and Associated Circuits (9/48)................0eceeeee 
Sl7meel Harklectrical engineer ct si ce erAtie Ra TRC eet eik« 6 0. 0s 8 cele wale eee Wan 6. Meno ae ale 
B27 ee TiddOUsKy 1 Ost PrOleot (1/48) aarccte cle nut trench ite «6s ss CaO rea eT sche te Cote ne 
S5 Ultrashort Electromagnetic Waves (9/43)......... ccc ecu ccc cece ces eececececceeecececee 


*An AIEE Conference Report, consisting of the full texts of the papers and discussions presented at a special AIEE technical conference on the subject 


— 
| Se el 


a] 


| .50 .50 
Conference Papers’ Only erin. © chs s «civ = suai ime 8 sso gains ane eel) ae cpa oe en ee 3.50 3.50 
Conferenceand’ Technical: Papers... .\...5. cs )'uls ante + eno + ae bye eves 0 ohare 4.00 4.00 

S16 Application of Electric Conversion Equipment to the Electrochemical Industry (11/47)....... .40 -80 
sg Bibliography of Relay Literature, 1927-1939 (7/41)........... 0c cece rete eee e et eee eceeee .25 -50 
S6 Bibliography on Automatic Stations, 1930-1941 (12/42).............. cece eee cece eee ee eee s20 .50 
S8 Bibliography on Electrical Safety, 1930-1941 (7/42).......... 0.0 cece cece ete e eee .25 .50 
S35 _ Bibliography on Electronic Power Converters (1/50). . 1.0.2.2... 0c e cece eee e ee eect eee .50 1.00 
$14 __ Bibliography on High-Frequency Dielectric Heating (8/47)...............02---eeeeeeeeeee ao WE 
S39 \ Bibliography on Industrial! Control (9/50). a. Ber. ok’. Se - fop-tereolole scetene™ ol 2' + panes cee te eels a 1.25 2.50 
S43 _ Bibliography on Power Capacitors (1925-1950) (1/52).............. cece cece eee ec cece eee 12 eed) 
$32. Bibliography on Rotating Electric Machinery... . 0025 cs0+- oes ess > = «voip clara am aloe 1.00 2.00 
S52 Conference on Electrically Operated Recording and Controlling Instruments (4/53)......... 3.50 3.50 
S29 Cumulative Indexes to AIEE Transactions, 1911-1921 and 1922-1938...................... 2.00 3.00 
$29a Cumulative Index to AIEE Transactions, 1939-1949............ 00... eee cece ee eee ete tees 2.50 2.50 
S26” Electric Arc and Resistance Welding *:(5)/49).....-. ..o. oeee acess seem ao6 « «eee 3.50 3.50 
S26a Electric Arc and Resistance Welding—II* (12/50)............. 0... cee eee cece eee eee eee 3.50 3.50 
S46 Electric Arc and Resistance Welding—lIII (10/52).................. cc cee eee cece eee eeeee 3.50 3.50 
S19 Electric Power in the Pulp and Paper Industry (2/48)............2.. ee eee cece cece cee eeee .50 1.00 
$51 ‘Electrical Engineering Problems in the Rubber and Plastics Industries (1/53)............... 3.50 3.50 
$58 Electrical Engineering Problems in the Rubber and Plastics Industries (10/53) 3.50 3.50 
$23a Electron Tube Survey of Instrument Manufacturers and Laboratories (3/48)................. 1.00 2.00 
S50 Electronic Converter Applications and Tubes (7/52)................. 2 cece cece eee e tees 3.50 3.50 
S25 Elements of Nucleonics for Engineers (3/49)........... 000: ccc c cece cece ete tee e eee ee eees -60 1.20 
$2 Grounding: Principles and:Practice (6/45). (0. 25.0.2 esceaiees acme eeee ks << onesie oem -50 .50 
$30 Interior Wiring Design for Commercial Buildings (10/49)................... 0. cece eceeeee -40 -80 
$54 Joint AIEE/IRE Conference on Telemetering and Remote Control (4/53) ................... 3.50 3.50 
$37 Lightning Reference Bibliography (4/50): .:.....2....asia teeisre™ Pmsis eam « &. Bie pe eet 35 .20 
S28” bMathematica*tor Engineers: a iciians > «+ <rsvateietestiolevei Siecelewellannua ds le: syc,e drabhe Gan eases tee 15 30 
S45 Power Supply for Resistance Welding Machines (4/52).............. 220 cee ec ccecceeeceee 1.00 1.00 
S53 Review of Input and Output Equipment Used in Computing Systems (3/53) ................ 4.00 4.00 
SAZmeoources:0f Electric nergy: (1/51 arcsec: ais ie clnaitec coe Sea tye ae hence sc cumee eee By) 1.50 
S20 Statistical Methods in Quality Control (2/48)........... 0... cc cece ce cece ee ee ee eee ae eees .35 .70 
S47 Survey of Operation of Mercury-Arc Rectifiers (4/52).............. 0c cee cee cue ceeeuceuces .75 1.50 
S36 Symposium on Electrical Properties of Semiconductors and the Transistor (1/50)............ .25 .50 

.60 .20 

.00 .00 

.20 .20 

.50 .00 

.50 .50 


Also available is the following publication, issued by EJC (Engineers Joint Council) of which AIEE is a member: 


AIEE SPECIAL PUBLICATIONS | 


S13” Engineering Profession in Transition (1947), nm occcs mee eis oy > ic vec eve case oe eee .50 1.00 

Eas a ie DETACH -—————————————————— — 

i Cis2, (84, 085,’ (86, 88, (89° isia, S13, ! 
Os14, Os16, S17, S19, Gs20, (S22, [S23a, (825, To Order Department . 

$26, [S26a, ($28, [1S29, [S29a, (S30, [S32 AMERICAN INSTITUTE OF 

| (9826, [1$26a, (S28, []S29, []S29a, (1830, (1832, [9838, ELECTRICAL ENGINEERS : 
Os36, 01S37, S39, (842, (S43, O845, [S46, [sS47, 33 West 39th Street. New York | 
! Os48, S50 (S51, (852, (853, (854, [S57, [ss8. ee TN | | 
| I enclose remittance of $....for which send me publications checked above. 
: NAME. oi..ccei vibes cienessnuests «uc sdie-cvcveg tel eae AIEE MEMBER [] ) 
STREET 0. 200 20s. cee gee sine os seis bene ee | 
fo STREET coos ec eeieenceee cute cheet natn 
CTY oes one as shag 2 coda wn iest god «fig AOR ge en ZONE. 200), STATE ce eee ce 12-53 | 
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Watching the serenity of Christmas skies, we 
are conscious of deep silence. Yet the stars are talk- 
ing to us all the while—talking in radio waves 
that are full of meaning to scientists probing the 
depths of space. 


The important discovery that some stars produce 
radio waves was made by a Bell Laboratories scien- 
tist while exploring atmospheric disturbances which 
might interfere with transoceanic telephone service. 


His discovery marked the birth of the fast- 
growing science of radio astronomy. It 1s telling 
us of mysterious lightless stars that broadcast radia 
waves, and it promises new and exciting revelations 
about the vast regions of space concealed by clouds 
of cosmic dust. 


EXPLORING AND INVENTING, DEVISING 


DECEMBER 1953 


Directional radio antenna used by Karl G. Jansky, in the discovery of 
stellar radio signals at the Holmdel, New Jersey, branch of Bell Tele- 
phone Laboratories. In 1932 he detected waves of 14.6 meters coming 
from the direction of Sagittarius in the Milky Way. 


It is another example of how Bell Telephone 
Laboratories scientists make broad and important 
discoveries as they seek ways to make your telephone 
serve you better. 


BELL TELEPHONE LABORATORIES 


AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE. 


3A 


RHEOSTATS 


All-ceramic and metal, close 
control rheostats for unsur- 
passed dependability and 
smoothness of operation. Ten 
stock sizes, 25 to 1,000 watts. 


TAP SWITCHES 


Five compact models, 10 to 
100 amperes, AC, up to 12 taps. 
All-ceramic and metal con- 
struction. Silver-to-silver con- 
tacts, with self-cleaning rotor. 


RESISTORS 


A wide range of dependable, 
fixed, adjustable, tapped, and 
non - inductive, power wire- 
wound resistors. Also a wide 
range of precision resistors. 


R. F. CHOKES 


Single layer R. F. plate chokes 
and power line chokes, on 
steatite or plastic cores. Pro- 
tected by a special moisture- 
resistant coating. 


Swedish Steel Cored 
Aluminium Conductors 


(ACSR) 


FERAL CABLE 


; With ample resources of water power, Sweden is 
one of world’s biggest users of electricity. To 
bring power to the main consuming areas, how- 


ever, long transmission lines are often needed— 
and a crowning achievement here is the line from 
the Harspranget plant to Hallsberg. Traversing 
more than half the length of the country, it sets 
world records not only in length (600 miles) but 
also in the voltage — 380,000 volts. 
By supplying the steel cored aluminium cable, 
Svenska Metallverken played an important part 
in this project —as it has in power distribution 
developments generally in Sweden during the 
past quarter century. 
The rolling, drawing and stranding of the alumi- 
nium and steel wire for such cable is done with 
machines of the company’s own design. With this is Ie ‘ 
equipment, Svenska Metallverken can manufac- ee TS 
ture any size of SCAC required—with a full 1 
guarantee of high quality and fine workmanship. 
The extreme efficiency and high capacity of the 
machinery means short delivery terms are assured. 
Res 


QW 


AX y 


Ss 


Ql qu 


20° 


The world’s longest power 

AB SVENSHA METALLVERHEM = fests eerie 
tension of 380,000 Ae 

cee from Harspranget to Halls- 

Sales office: Stockholm 16, Sweden See Recoden, aha 


Feral Cables. 
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JAMES R. KEARNEY CORP. 
4224-42 Clayton Avenue 
St. Louis 10, Missouri 


Canadian Plant: Guelph, Ontario «Taken db puntam 
from the regular 


production line 


mHEAVY DUTY TR f P- 0 U T 16234-3 
RATING: 100 amperes, 15 KV. 

TEST DATA . 
Voltage 14,400 KV; Power Factor 20%; X/R=4.88 RESULTS: At 14.4 KV with a power factor } 
of 20%, the cutout sucessfully interrupted | 
Cutout Current Clearing Kearney Fuse Link six shots ranging from 7620 to 8750 | 
Cay No. Test Amperes Time Roe Rie amperes, RMS. After the sixth shot both the | 
No. RMS Cycles Rating Type cartridge and contacts were carefully . 
16234-3 ; 8050 at 80 200-U examined and found to be in perfect 
j00' Amp; | 2" | 7620) w+ 80 200-U EOS 2 ae 
15 KV 3 8750 Yo+ 80 200-U After the short circuit test, without | 
4 8320 Yo 80 200-U adjustment of any kind, the cutout was 
5 8750 Vo+ 100 200-U tested for temperature rise. The maximum | 

y 7900 oY 100 KS-U was 13° C, as compared to 30° allowable 


by NEMA for new cutouts, 


Heavy butY FRIP-O-MATIC weenie. 


TEST DATA RATING: 100 ampere, 5 KV. : 
Voltage: 5046; Power Factor: 20%; X/R=4.88 . . | 
RESULTS: At 5 KV with a power factor of 20%, 
Cutout Current Clearing Time eA the indicating Trip-O-Matic successfully 
Cat. No. Test No. |Amperes RMS| Cycles Scbcoamttnyca interrupted nine shots ranging from 5500 to 
6350 amperes, RMS, at 5046 volts. Then 

12143-20 1 7250 1 50 KS ae 
100 Ampere 2 7680 1 80 200 three additional tests were made on the 
5 KV 3 6620 L a 209 same box with a new door installed. 5800, 
Indicating 4 6200 1’% 80 200 

5 7850 1 100 200 5750 and 6050 amperes were successfully 

6 6400 Va igs 209 interrupted. The non-indicating 

7 6600 1 100 200 j : < 

8 6200 IV 100 200 Trip-O-Matic successfully interrupted four 

9 7250 | L0G 200 shots ranging from 2800 to 6000. 

; 1 100 260 hae 

Ebest : a 1 106 200 After the short circuit tests, a heat run was 
(with new door) | 3 7050 VW” 100 200 made on the same non-indicating box. 
12143-21 1 2900 1% 50 200 Maximum temperature rise was found to 
Brice ae a ccs be 21° C, as compared to 30° allowable 
Non-Indicating 4 6750 1 50 KS by NEMA for new cutouts. 


TEST SET-UP: This circuit interruption data is not based on calculation. Itis the result of actual field tests at Kearney’s 
34.5 KV substation. Power was taken from the Union Electric circuit providing a 445,000 KVA back-up. In the 
Heavy Duty Trip-Out tests, faults were made on the 15 KV side of a 10,000 KVA transformer. In the Heavy 949 
Duty Trip-O-Matic tests, faults were made on the 5 KV side of the same transformer. 


These test results are proof-positive that Kearney cutouts protect your circuits with even greater capacity 
than their normal ratings. 


ad 


"My brushes are giving me 
trouble, doc—how about 
giving me the Stackpole 
treatment?” 


Small Motor 
Brush Clinic 


...f0r longer life, 
greater efficiency 


No doubt, you’re getting pretty good brush life and per- 

formance on small motor applications these days. But, chances 

\ are still mighty good that they can be materially improved—at no 
\ premium cost. 

Recently, for instance, Stackpole brush developments 
brought about worthwhile improvement on such widely 
diverse equipment as toy trains, a coal drill, a d-c gas pump 
motor and an ac-dc inverter. 

These jobs were handled the way Stackpole likes to handle 
them: by getting the actual motorized equipment into our labora- 
tories for “clinical” test. Here, Stackpole engineers combine 
the greatest wealth of small motor brush “know how” in the 
business with carefully planned experimentation. They recog- 
nize that each brush application differs from others in essential 
respects. These peculiarities are taken into full 
account in developing grades exactly suited for the 
equipment in question. And, more often than not, 
they come up with a brush recommendation that is 
an improvement over what has been used in the past. 


NOTE: Stackpole brushes are sold only to 
manufacturers of original equipment. 


Write on company stationery for the 
44-page Stackpole BRUSH USERS’ GUIDE. 


h 
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HOT DIP 
GALVANIZING 


... FOR EVERY REQUIREMENT 
IN THE ELECTRICAL FIELD 


Our Record: Over 50 years of 
progressive galvanizing service 
to manufacturers and fabrica- 
tors of iron and steel products 
... any size or shape, any size 
order from the smallest to the 
largest. Excellent facilities for 
pickling and oiling. 

"TO ECONOMIZE, 


GALVANIZE AT 
ENTERPRISE” 


ENTERPRISE 
GALVANIZING CO. 


EEE. CUMBERLAND STREET 
PHILADELPHIA 25, PENNSYLVANIA 


MINIMIZATION 


of 
INTERFERENCE 
from RADIO- 


FREQUENCY 
HEATING EQUIPMENT 
#951 


This report on a recom- 
mended practice reviews the 
theoretical aspects of the 
interference problem and 
then outlines procedures 
which should be followed; 
which may be applied both 
in construction and as 
remedial measures where 
interference exceeds limits 
specified in FCC rules. 
Price $.80; 50 per cent 
discount to AIEE members. 
Address: 


AIEE ORDER DEPARTMENT 
33 West 39th Street 
New York 18, N. Y. 
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The transformer is the heart of a substation 


1000 Kva 13,200 volt substation—with transformer compartment panel removed 


A substation is no better than its transformer; 
therefore, it is important that the transformer 
is of the best quality—a Sorgel air-cooled 
dry-type transformer. 


Dry-type transformers are the most practical 
type for indoor installations. They require 
little or no maintenance; no liquid to check 
or replenish; no fire hazard; small and com- 
pact; economical; easy and convenient to 
install; no vault required; can be placed close 
to load center, resulting in better voltage reg- 
ulation. Easily moved when required for ex- 
pansion or alterations. 


% Kva to 3000 Kva. 


All voltages 
120 to 15,000 volts 
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SORGE] 


RR: COOLED 
‘Ty, 


TRANSFORMERS 


Sales Engineers in Principal Cities 


SORGEL ELECTRIC CO., 846 West National Ave., Milwaukee 4, Wis. 


Pioneers in the development and manufacturing of Air-Cooled Dry-Type Transformers—Over 35 years 


Sorgel air-cooled dry-type transformers are top 
quality, time tested, and are thus recognized 
and accepted by discriminating engineers and 
users. Their rugged construction assures 
continuous, reliable service. Liberal design. 
High efficiency. Low noise level. 


The Sorgel Electric Co. has had over 35 years 
of experience in the development, manufactur- 
ing and application of dry-type transformers. 


Sorgel air-cooled transformers are procurable 


with any make of switch gear, and from any 
substation manufacturer. 


Top Quality 
Time Tested 
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AS VITAL 
AS YOUR PLANTS 
FOUNDATION 


‘unit substations are 
basic plant investments 


In central stations, industrial plants, or buildings— 
engineering management recognizes the need for power 
distribution equipment which is safe, dependable, 
economical, and adaptable. To Unit Substations, form- 


ing the nerve centers of any distribution system, is THE SYMBOL/OF QUALITY SWITCHGEAR 


delegated the important responsibility of providing 
continuous power and circuit protection for years to 
come. Unit Substations, therefore, should not be 
merely adequate, but they must have quality to be a 
sound, profitable capital investment. 


To find the I-T-E field office nearest you, look 
in the classified section of your telephone directory 
under “Electrical Equipment.” 


I-T-E Circuit Breaker Co., 19th and Hamilton Sts. 
Philadelphia 30, Pa. 


I-T-E offers a 
complete line of quality 
unit substation equipment 


Through the years, I-T-E has led in the 
development and manufacture of quality 
circuit breakers and switchgear. Simi- 
larly, since the inception of the Unit 
Substation, and its use in modern dis- 
tribution systems, I-T-E has continued 
to hold this same envied position. Today, 
I-T-E supplies a full line of quality Unit 
Substations, in types and sizes to fit 
every application. 


As an extra service—to help users make 
the wisest investment possible—I-T-E 
furnishes engineering assistance in the 
selection and application of equipment, 
preparation of specifications, and co- 
ordination of all job requirements. There 
are I-T-E Application Engineers in every 
major industrial area for this purpose. 


Every conceivable career advantage.... Opportunity....Permanency.... 
Position....Pay....for men who can qualify. GENERAL MOTORS 


offers you more.... INVESTIGATE. 


Engineers — Experienced 


Electronic, Servo, Electrical. Unusually attractive project assignments for a 
limited number of highest caliber engineering personnel experienced in 
research, analysis, and/or design and development of component parts and 
systems in the field of Airborne Instrumentation, Servo-Mechanism, Computers 
and Avionics. 


Engineers —Recent Graduates 


Electrical, Mechanical, Aeronautical. Comprehensive training plus stimulat- 
ing foreign and domestic field engineering assignments. Airborne Automatic 
Electro-Mechanical Instrumentation and Computing Equipment. Prefer single 
men with high degree of technical ability, interest and ingenuity. 


Every inquiry given immediate attention and personal reply. 


AC SPARK PLUG DIVISION 


GENERAL MOTORS CORPORATION 


1925 E. Kenilworth Place, Milwaukee 2, Wisconsin 


VITRO CORP. of AMERICA Change of Mailing Address 
Prompt notification of a change of address accomplishes 
ENGINEERS three things simultaneously: change of address in the AIEE 
national records; change of mailing address for ELECi RICAL 
Senior Staff ENGINEERING; and notice to the local section to change 
the section mailing list. Therefore, if you have an address 
change, fill out the form below and mail it promptly to: 
Career Opportunities AIEE Headquarters, 33 West 39th Street, New York 18, N. Y. 

with 


Established Engineering Organization 


Product Engineering 
Systems Development 
Systems Engineering i Fond tee 
Engineering Studies 
Mechanical Design Mailing Address 


Guided Missiles Radar Fire Control 


Underwater Ordnance Systems Membership No 


address) 


Suburban location adjacent to ; 
Washington, D. C. To assure a correct entry in the YEAR BOOK of the AIEE, 


31; a l ish: 
Affords pleasant living conditions please: alee pees 


Accessible to three Universities Company Name 


offering graduate training Cc Ada 
Ompany ress 


Please address inquiries to 


Department 


Personnel Department 
Silver Spring Laboratory 
VITRO CORP. OF AMERICA 
962 Wayne Ave. Silver Spring, Md. 


Executive Offices— 233 Broadway, New York, N. Y. 


Title (, if one has 


een assigned 


Home Address 
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hat means most 
oan Engineer ? 


PROFESSIONAL 
RECOGNITION 


GOOD 
SALARY 


UNEXCELLED 
FACILITIES 


SUBURBAN 
LIVING 


A Career at RCA offers all Four! 


RCA offers opportunities now—real 
career opportunities—for qualified 
ELECTRONIC, COMPUTER, ELECTRICAL, 
MECHANICAL and COMMUNICATIONS 
ENGINEERS... PHySsICcIsTS... METAL- 
LURGISTS ... PHYSICAL CHEMISTS... 
CERAMISTS... GLASS TECHNOLOGISTS. 


Positions are open in research, develop- 
ment, design and application. Long 
range work in many fields is being car- 
ried on both for commercial develop- 
ments and military projects for war 
and peace. 


At RCA you’ll work in an exciting pro- 
fessional atmosphere, with technical 
and laboratory facilities unsurpassed 
anywhere in the radio-electronic indus- 
try. You are in close and constant 


association with leading scientists and 
engineers. Individual accomplishment 
is not only recognized, it is sought out. 
Delightful suburban: living is easily 
available for your family. And there’s 
ample opportunity for income and 
position advancement. 


Plus, Company-paid hospitalization for 
you and your family ... accident and 
life insurance . . . progressive retirement 
plan... fine recreational program... 
modern tuition-refund plan at recog- 
nized universities for advanced study. 


Join the team at RCA, world leader in 
electronic development, first in radio, 
first in recorded music, first in tele- 
vision. Rest easy in the knowledge 
that your future is secure, the rewards 
many and varied. 


Personal interviews arranged in your city. 
Please send a complete resume of your education and 


experience to: 


MR. JOHN R. WELD 
Employment Manager, Dept. 205 L 


Radio Corporation of America 
30 Rockefeller Plaza, New York 20, N.Y. 


Positions Open In: RESEARCH — 
DEVELOPMENT—DESIGN—APPLICATION 
in any of the following fields: 


RADAR — Circuitry— Antenna Design—Servo Sys- 
tems—Information Display Systems—Gear 
Trains—Stable Elements—Intricate Mechanisms 


COMPUTERS — Digital and Analog—Systems Plan- 
ning — Storage Technique — Circuitry — Servo 
Mechanisms—Assembly Design—High Speed 
Intricate Mechanisms 2 


COMMUNICATIONS — Microwave — Aviation — 
Mobile—Specialized Military Systems 


MISSILE GUIDANCE—Systems Planning and Design 
—Radar and Fire Control—Servo Mechanisms 
—Vibration and Shock Problems 


NAVIGATIONAL AIDS — Loran— Shoran— Altim- 
eters—Airborne Radar 


TELEVISION DEVELOPMENT — Receivers—Trans- 
mitters and Studio Equipment 


COMPONENT PARTS—'Transformer—Coil—Relay 
—Capacitor—Switch— Motor—Resistor 


ELECTRONIC TUBE DEVELOPMENT— Receiving— 
Transmitting —Cathode-Ray—Phototubes and 
Magnetrons 


ELECTRONIC EQUIPMENT FIELD ENGINEERS — 
Specialists for domestic and overseas assign- 
ment on military electronic communications 
and detection gear. 


RADIC CORPORATION of AMERICA 


Tmks ® 


fe See ee 
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Engineering 
Societies 


New York 
8 West 40th St. 


Chicago 
84 East Randolph St. 


In applying for positions advertised by the Service, the 
applicant agrees, if actually placed in a position through 
the Service as a result of these advertisements, to pay 
placement fee in accordance with the rates as listed by the 
Service. These rates have been established in order to 
maintain an efficient, non-profit personnel service and are 
available upon request. is also applies to registrants 
whose notices are placed in these columns. 


Men Available 


ELEC ENGR, Purdue 1949; good exper in substations 
and in road lighting. Desires to work for an American 
or Canadian firm operating outside the U. S., being an 
alien. Present location, Egypt. E-729. 


ELEC ENGR, B.S.E.E.; 37, family; 10 yrs constr, 
Opern rural pwr systems; 4 yrs Army Radar, 1 yr pwr 

rocurement. Desires responsible pos elec util, consult- 
tng engr or manufacturing. E-730. 


Positions Available 


ELECTRICAL STANDARDS — LABORATORY 
MANAGER, 30-55, M.S. or Ph.D., preferably in 
physics, with thesis on instrumentation problems; mini- 
mum of 5 years’ in industry, university or government 
laboratory in actual work of repair and calibration of 
high-grade indicating and recording electrical, elec- 
tronic and mechanical instruments. Will take complete 
technical responsibility for the accuracy of the electrical 
measurements and develop laboratory into one of 
maximum mulity and overall economy. Salary, $6,000— 
$8,500 a year. tion, Washington State. Y-9041. 


ASSISTANT VICE PRESIDENT, Operations, 32- 
38, thoroughly familiar with the public utility field 
covering electricity and/or telephone, and ie and/or 
water, including operations, engineering and construc- 
tion pertaining to such work. Must be able to analyze 
present rates, supervise the making of studies for new 
rates. Must be good administrator. Salary, $8,500- 
$10,000 a year. Location, Connecticut. Y-9060. 


ELECTRICAL ENGINEER with at least 5 years’ 

cification, application and promotional experience in 
electrical field, to organize and operate program for 
industrial and commercial relighting, make surveys, 
analyze lighting plans and prepare reports. Some 
eae dena $9,000 a year. Location, New York, 


CONSULTING ENGINEER, retired electrical engi- 

Neer, part-time, for consulting work in the field of cable 

supporting racks and other methods of supporting inter- 

locked armored cable used for installations in power 
zea industrial buildings. Location, Pennsylvania. 
-9167. 


CHIEF ASSISTANT ENGINEER, electrical engi- 
neering degree, with minimum of 5 years’ experience in 
design and manufacture of fractional hp motors. Sal- 
AM ee a ad a year to start. Location, Colorado. 


DISTRICT ENGINEER, 30-40, with transmission 
and distribution engineering experience, for a public 
utility, Work will involve the changing of the present 
distribution system as well as sub-station and transmis- 
sion requirements in addition to the day-to-day main- 
tenance and construction requirements, Salary, $5,700- 
$6,000 a year. Location, Iowa. Y-9221, 


MANUFACTURING MANAGER, 40-55, electrical 
graduate, to take complete charge of manufacturing 
plant of 500-600 people engaged in manufacture of elec- 
tric switchgear and metal stampings. Must be definitely 
cost conscious, and any experience in mass production, 
such as the automobile industry, desirable. Salary, 
$12,000-$15,000 a year. Location, New York Metro- 
politan Area, Y-9263. 


DEVELOPMENT ENGINEER, 25-50, B.S. or 
M.S. in electrical engineering, majored in electronics 
and some work in vacuum tubes application. Mini- 
mum of 2 years’ experience. Will design and develop 
miniature and sub-miniature tubes. Design of tube 
components, develop processes and specifications. Ad- 
vise in design of tools, jigs and fixtures and in test equip- 
ment and procedures. Salary, $4,200-$7,800 a year. 
Location, New York State. Y-9270, 


DEAN OF ENGINEERING COLLEGE giving 
courses in electrical, mechanical, civil and chemical 
engineering. Should have some interest in research. 
repel $10,000-$12,000 a year. Location, Ohio. 


ENGINEERS. (a) Development Engineer, electrical, 
22-40, B.E.E. or B.S. in physics, majored in communica- 
tion engineering, audio and acoustics. Will do develop- 
ment work on phonograph pickups and associated test 
equipment. Should have mechanical aptitude for work 
on miniature electro-mechanical assemblies. Salary, 
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Personnel Service, Inc. 


San Francisco 
57 Post St. 


Detroit 
100 Farnsworth Ave. 


Apply by letter addressed to the key number and 
mail to New York Office. When making application 
for a position include six cents in stamps for forwarding 
application to the employer and for returning when 
necessary. A weekly bulletin of engineering positions 
open is available to members of the co-operating societies 
at a subscription rate of $3.50 per quarter or $12 per 
annum, payable in advance. 


$4,056-$5,964 a year. (b) Electrical Engineer, degree, 
majored in electronics and vacuum tubes, for design, 
production, process and equipment engineering for 
cathode ray gun mounts. Experience in electron tube 
manufacturing desirable. Should have 10 years’ experi- 
ence in this field. Salary, $4,200-$7,800 a year. Loca- 
tion, New York State. Y-9294, 


PERSONNEL-INDUSTRIAL RELATIONS-EM- 
PLOYEE TRAINING. Public utility companies 
located in Latin America require men for positions of 
industrial relations engineers and supervisor of employee 
training and _ personnel departments. Applicants 
should hnee at least 5 years’ experience in their particular 
specialty and general. acquaintance with publc utility 
operations. Knowledge of Spanish or Portuguese de- 
sirable, but not required initially. Salary commensurate 
with position, experience and living costs. F-9301. 


ELECTRIC UTILITY ENGINEER, under 45, with 
utility experience in hydraulics and electrical fields for 
permanent service abroad in the management and co- 
ordination of planning, engineering design and con- 
struction of production facilities. Salary open. Loca- 
tion, Foreign, F-9302. 


ELECTRICAL ENGINEER OR PHYSICIST with 
B.S. in electrical engineering or physics with a major in 
electronics preferred. Should have 3 to 5 years’ experi- 
ence in electronics after graduation in industry or the 
service. Work will consist of design, experimental 
development and setting up specifications for electronic 
application on machinery and equipment. Will also 
include technical advice on the maintenance of all- 
present electronic equipment through the plants. Sal- 
Ce aati a year. Location, Connecticut. 


INSTRUCTOR OR ASSISTANT PROFESSOR, 
young, for department of electrical engineering, to teach 
some courses in mathematics, electronics, including net- 
works, fields, ultra-high frequency. Opportunity to do 
outside work or participate in sponsored research. 
Location, East. Y-9324. 


CONSULTING ELECTRICAL ENGINEERS, with 
20 to 25 years’ experience; one in operations, and the 
other in straight engineering of public electrical utility. 
Foreign assignment; 18 months. Salary open. Y-9327. 


RESEARCH ELECTRONIC ENGINEERS. (a) Sen- 
ior with at least 8 years’ experience in UHF and VHF 
fields. Salary, $8,000-$10,000 a year. (b) Development 
Engineer for design and development of micro-wave 
equipment. Salary, $5,500-$6,500 a year. (c) De- 
velopment Engineer with at least 2 years’ experience on 
magnetic amplifiers. Salary, $4,800-$6,000 a year. 
(d) Junior Electronic Engineer, electrical graduate, for 
test and development. Soice $4,200-$4,800 a year. 
ge be U. S.. citizens. Location, Brooklyn, N. Y. 
-9328. 


ASSISTANT RATE ENGINEER for permanent posi- 
tion with responsible public utility service organization 
located in New York. Good opportunity for qualified 
man having 5 years’ experience with sound knowledge of 

ublic utility economics and operations and experience 
in field surveys, ie design and application of elec- 
tric rates. Preferred age, 27-35. Company supervises 
public utilities in 11 Latin American countries. Appli- 
cant must be willing to undertake some travel in Latin 
America. Knowledge of Spanish or Portuguese helpful; 
can be acquired after employment. Y-9329, 


DESIGNER, Motors, for a manufacturer, Age to 50, 
with at least 5 years’ experience in designing motors and 
speed reducers, Duties will include designing and de- 
tailing, and manufacturing fractional hp motors. Sal- 
ary, to $10,000 a year. Employer will negotiate fee. 
Location, Illinois. C-1353. 


ASSISTANT CHIEF ENGINEER; must have equiva- 
lent of electrical engineering degree. Should have a 
minimum of 5 years’ experience in design and manufac- 
turing of fractional hp motors, Salary, $6,000-$7,000 a 
year, Company will pay expenses for interview for 
desirable applicants. Location, Colorado. C-1354, 


PROJECT PRODUCTION ENGINEER, Apparatus 
Engineering Department; to 50, with at least 5 years’ 
experience in practical apparatus production work, 
Familiar with precision machine tools, foundry and die- 
casting, plastic molding and assembly operations. 
Duties will include engineering design and models of 
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electrical, optical and electro-mechanical devices for 


production, Bal be igre between e1 oe a 

roduction de} nts. mpany manufactures 
Danenil ches $6,000 a year and up. Location, 
Colorado, C-1363. 


SALES ENGINEER, electrical or mechanical, to 30, 
with at least 2 years’ pe in salesor application of 
electrical equipment. nowledg. E 

transmission and electronic circuitry. Will sell a lir 
electrical clutches and power transmission, variable 
drives and electronic speed controls. Training position 
to District Manager. Company manufacturers trans- 
mission equipment. Salary, $4,800-$6,000 a year, plus 
commission and expenses. Ay ae may negotiate fee. 
Headquarters, Wisconsin. C-1394. 


PROFESSORS AND INSTRUCTORS, M.S. and 
Ph.D. required. ings for mechanical, civil, chem- 
ical, petroleum an electrical engineers. Mecha 
engineers should be ialized in heat power, refrigera~ 
tion and air conditioning or machine design; civil 
should have structural design experience. Electrical 
should be qualified in power or electronics. Vacancies 
for September, 1954. Salary, to $5,900 for 9 months 
plus 25% of summer work. Location, South. C-1398. 


UTILITIES ENGINEER, electrical, professional 
license by examination; to 45, with at least 5 years’ 
experience in plant engineering, designing or laying out 
electrical systems, or operations. Knowledge of utilities 
in general. Will do consulting work in utilities to im- 
prove operations and reduce costs. Salary, $7,800 a 
year. ome travel, home weekends. Car helpful. 
Employer will pay fee. Headquarters, Chicago, Illinois. 
C-1402. 


ENGINEERING SUPERVISOR, engineering degree, 
30-50, with at least 5 years’ rience in electro- 
magnetic controls in high-volume production and prefer- 
ably 2 years’ in supervisory capacity. Knowledge of 
manufacturing operations and ilehes. Will supervise 
product performance affected by design changes at 
request of manufacturing department. Company 
manufactures gas ne pe Salary, $7,200-$9,000 a 
year. Employer will pay fee. Location, Wisconsin. 
C-1409. 


CLASSIFIED ADVERTISING 


For help and situations wanted, $1.50 per line. 
Sale and purchase of used machinery, etc., 
$2.00 per line, minimum 5 lines, maximum 30 
lines, not available to dealers. Address orders 
to: Classified Section, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 36, N. Y. 


When answering an advertisement, send all 
replies to box number specified, c/o ELECTRI- 
CAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y., unless other address is given. 


Positions Open 


SALES ENGINEER, age 25-35, some technical back- 
ground desirable, to call on utility industry from Chicago 
office of long established cable company. Permanent 
position, salary and expenses. State age, education, ex- 
perience, references, salary. Box 466. 


SALES ENGINEERS—Openings available with large 
industrial instrument manufacturer for field Sales Engi- 
neers in New York, Chicago, Pittsburgh, Houston, and 
St. Louis areas. Graduates of recognized engineering 
colleges with ak sp, Bo electronics preferred. Mechani- 
cal and Chemical Engineers will also be considered. 
Excellent opportunity for young engineers with sales 
aptitude who wish to enter the fast-growing industrial 
instrument field with a long established and rapidly 
Poe manufacturer of industrial instruments. Write 
Ox E 


ENGINEERS for professorships all engineering fields, 
Master’s and Doctor’s qualify unusually fine positions, 
$4500-$7000 nine months, Instructors, bachelors. 
Give phone, photo, qualifications. Cline Teachers” 
Agency, East Lansing, ‘Michigan. 


PERSONNEL-INDUSTRIAL RELATIONS-EM- 
PLOYE TRAINING—Public utility companies located 
Latin America require men for positions of industrial 
relations engineers, and supervisors of employe training 
and personnel departments. Applicants shania have at 
least 5 years’ experience in their  Siphapeer specialty and. 
general acquaintance with public utility operations, 
Knowledge of Spanish or Portuguese desirable but not 
required initially. Positions offer promising fields for 
applicants with individual initiative, having good back- 
ais of practical experience in their particular field. 
salary commensurate with position, experience and 
living costs. Reply stating age, education, experience 
and personal particulars. Box 479. 
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MASSAGHUSETTS INSTITUTE OF TECHNOL- 
OGY’S DIGITAL COMPUTER LABORATORY of 
the Department of Electrical Engineering needs some 
highly qualified engineers and scientists in developing 
high-speed electronic digital equipment (logical design, 
vacuum-tube and magnetic-core circuitry, and me- 
chanical design and packaging to make equipment 
suitable for production), There is also work on use of 
high-speed digital computers to control large physical 
systems. This involves study of control requirements of 
the whole system, reduction of them to a simple pattern 
of control instructions, and translation of the pattern 
into computer code. Position requires appreciation for 
physical systems, ingenuity, and imagination, Training 
in computer principles provided as necessary. Persons 
from other fields wishing experience in digital computers 
for engineering and military uses are encouraged to 
apply and may come on leave from their permanent 
organizations. Positions carry opportunity for advance- 
ment. Salary appropriate to candidate’s experience 
and training. Address: Digital Computer Laboratory, 
ae 211 Massachusetts Avenue, Cambridge 39, Massa- 
chusetts. 


Positions Wanted 


SALES ENGINEER, 50, married, SB in EE (MIT) 

background includes G.E. test, engineering and sales 

experience, have knowledge of inspection and quality 

control procedure. Now employed in power plant insur- 

ance, desire more technical work. Adaptable and in 

ot health. Prefer locate Pittsburgh district or East. 
ox 459, 


ELECTRICAL ENGINEER, 18 years’ experience in 
light, power and signal design, layout, construction and 
maintenance in chemical, food and other industrial 
plants in leading positions. Knowledge of Spanish, 
French and German. Box 480. 


ELECTRICAL ENGINEER, BSEE, MSEE, Navy elec- 
tronic technician, 1 year management training, 1 year 
college instructor of electronics, 3 years field service 
airborne electronics equipment. Desires sales or service 
position, Box 481. 


ELECTRICAL ENGINEER, BSEE, Reg. PE; AIEE, 
age 47, family, 22 years broad experience in engineering 
distribution and industrial departments of Electric Public 
Utility. Last 7 years responsible position in U.G. Net- 
work Department in large city with several large net- 
works. Box 482. 


PHYSICIST-ENGINEER, British, age 44, married, 20 
years academic and industrial experience in organizing 
and directing research and development laboratories: 
radiac and nucleonic instrumentation, information and 
data processing devices (digital and analogue), radar, 


high-vacuum and solid state electronics. Desires re- 
sponsible position and commensurate salary with pro- 
gressive firm or university, location immaterial but 
genial climate essential. Write Box 483. 


ASSOCIATE PROFESSOR at leading eastern college 
seeks improved academic research position on the west 
coast or far west. 17 years of professional experience in 
radio engineering, many poblcarens) specialized in 
wave theory and antennas. European background, over 
5 years in the U.S. Present compensation $9,000 for 11 
months. Write Box 484. 


ELECTRICAL ENGINEER, power, 31, BS AND MS in 

EE and Business, wants position, 2 years’ experience 

testing power plant equipment, 3 years University In- 

structor. Prefers sales for power plant equipment or 

field representative. Speaks 5 languages fluently. 

Seah re abilities, effective in meeting people. 
ox : 


ELECTRONIC AND SERVO ENGINEER, MSEE 
53, age 29, family. 5 years R and D work, 3 in pulse 
circuitry and 2 in servo systems. Desire similar work. 
Interested in South America. Box 486. 


ELECTRICAL ENGINEER, BSEE, age 41, family. 
15 years’ experience in planning, design, construction, 
and supervision of power transmission and distribution 
systems and related building construction. Desire re- 
sponsible administrative, managerial, or supervisory 
position with progressive industrial firm, electrical 
manufacturer or distributor, utility or other business 
where engineering education and experience can be 
utilized. Location: Pacific Northwest. Box 487. 


ELECTRICAL ENGINEER, BS(EE) ’51, married, 28 
years old, 8 months telephone power equipment engi- 
neer, 2 years design and layout of electrical equipment 
for modern hot and cold strip mill. Desire engineering 
position that has opportunity for advancement based on 
ability and initiative. Resume on request. Box 488. 


MECHANICAL AND ELECTRICAL ENGINEER, 
Harvard Business School graduate, registered, Member 
ASME, AIEE, AIME, 48, family, domestic and foreign 
experience in fine mechanics, instruments and controls 
(including electronics) and process industries, ability in 
development, manufacture, application and administra- 
tion, seeks consulting connections or full time with 
stable company. Philadelphia or East preferred. 
Write Box 489. 


TRANSFORMER ENGINEER, audio, power and 
pulse, BSEE, 34, family, desires consulting or supervisory 
position with progressive firm. 8 years’ experience with 
large research and development organization, presently 
employed in responsible staff position with small firm 
and desire to move due to new management policy. 
Box 490. 
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MIDWEST RESEARCH 
INSTITUTE 


KANSAS CITY, MO. 


has career openings 


ENGINEERING AND APPLIED 
PHYSICS DIVISIONS 


MECHANICAL ENGINEERS 

ELECTRICAL ENGINEERS 

ENGINEERING ANALYSTS 
APPLIED PHYSICISTS 


RESEARCH AND DEVELOPMENT 
WORK IN BROAD TECHNICAL FIELDS 


Please write or call Martin Goland, Associate 
Director for Engineering Sciences, Midwest Re- 
search Institute, 4049 Pennsylvania Ave., Kansas 


DU PONT 


offers career opportunities 


development & research 
FOR 

ELECTRICAL ENGINEERS 

MECHANICAL ENGINEERS 

ENGINEER PHYSICISTS 


Unusual opportunities are open to 
graduate engineers in the fields of in- 
strumentation control of mechanical 


processing equipment, automatic £ 
machinery, and automation equip- 
ment, 


Applicants should have at least 5 years’ 
experience in low frequency electronic 
circuit development, numerical data 
handling systems, or electro-mechani- 
cal control equipment. 


Please do not apply if you 
are utilizing your highest 
skills in defense industry. 


Please send complete resume, includ- 
ing details of education and experi- 
ence to: 


Mr. J. C. Costello, Jr. 
Personnel Section, Engineering 
Department 


E. |. du Pont de Nemours & Co., Inc. 


e 
Wilmington 98, Delaware a 


OFFERS 


to apply. 


FEDERAL ELECTRIC 
PRODUCTS CO. 


Engineers and draftsmen experienced in 
design, manufacture and application of 
standard and special motor control equip- 
ment in our expanded control division. 


Enthusiasm, ambition and adaptability 
to unfamiliar situations will help. 


Age is not a deciding factor. 


Competent younger men are invited 


Address your Jetter to: 


THOMAS M. COLE, PRESIDENT 

FEDERAL ELECTRIC PRODUCTS COMPANY 
50 PARIS STREET 
NEWARK 5, NEW JERSEY 


OPPORTUNITIES TO 
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WHO 
SEEK CHALLENGE 


| B M is looking for men-of-ideas 


TRADE MARK for electronic circuit design 
and development work for digital com- 
puters. Here’s an opportunity to work 
and grow in the most exciting field of 
engineering today...in IBM’s great lab- 
oratories at Poughkeepsie, N. Y. 


Excellent salaries and working condi- 
tions; merit advancement; educational 
courses at graduate level; exceptional 
employee benefits ; moving expenses paid. 


If you are a graduate engineer with 
at least two years’ experience in elec- 
tronic circuit design, write, giving de- 
tails of experience, to: 


Mr. C. F. McElwain, Dept. 686 (3) 
International Business Machines 
590 Madison Avenue 

New York 22, N. Y. 
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ELECTRONIC ENGINEER | 


ENGINEERING DRAFTSMAN 


The Special Devices Center, a 
naval research and development 
activity has several critical 
vacancies for junior electronics 
engineers and for engineering 
draftsmen. The requirement 
for the positions and entrance 
salaries are as follows: 


ELECTRONIC ENGINEER at $5060 
per year 
Requirement: BEE degree plus 18 
months professional experience in 
electronics. 


ENGINEERING DRAFTSMAN at 
$4205 per year 
Requirement: Five years experi- 
‘ ence in engineering drafting. 


Interested individuals should 
apply to Industrial Relations 
Officer, Special Devices Center, 
Port Washington, New York. 


> 


New Sections of 
TRANSFORMER 
STANDARD 


(revision of 1948 section) 


C 57.10 

Terminology for Trans- 
formers, Regulators & Re- 
actors No charge 


C $7.11 


General Requirement for 


Transformer, Regulators 
& Reactors No charge 


C 57.13 
Instrument Transformers 


$1.00 ($.50 to AIEE members) 


C 57.33 

Guide for Loading & Op- 
eration of Instrument 
Transformers 


$.35 ($.20 to AIEE members) 


AIEE ORDER DEPARTMENT 


33 West 39th Street 
New York 18, N. Y. 
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TOA 


DESIGN 
AND 


DEVELOPMENT 
ENGINEER 


Interested in a 
challenge as great 
as all tomorrow 


if you're the man we hope you 
are, you now have a good position. 
Perhaps you have not thought of a 
change but will consider the right 
opportunity. 


You have from 5 to 25 years of 
experience in electronics or an 
allied field. You desire to do 
more than just carry assignments 
to satisfactory conclusions. 


You would appreciate an opportu- 
nity and the ‘go ahead” to pioneer 
. . . With the assistance of your 
own staff of specialists. You now 
want to know what you personally 
can achieve through your creative 
engineering talent. 


If you fill these qualifications, we 
have an opportunity that will 
fascinate you. You will work on 
the development of the most 
interesting electronics equipment 
with one of the foremost engi- 
neering teams in the world. You 
will work in the Boston Engineer- 
ing Laboratory located only min- 
utes away from Harvard, MIT 
and Northeastern Universities, en- 
tirely separated from the prob- 
lems of production. The last word 
in equipment will be at your finger- 
tips. No richer benefits are of- 
fered anywhere . . . regardless 
of the standards by which you 
measure. ‘ 


.... Are YOU the man we are 
seeking? If so phone us or send 
in a resume to... 


Don Bradley, Personnel Supervisor 


SYLVANIA 


ELECTRIC PRODUCTS INC. 


Boston Engineering Laboratory 
70 Forsyth Street, Boston, Mass. 


Phone: Kenmore 6-8900 


reo ee a a a ee er rr i SD SD nna ee Ci eee 
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to the 
E.E. or 
PHYSICS GRADUATE 


with an interest 
or experience in 


RADAR or 
ELECTRONICS 


Hughes Research and 
Development Laboratories, one 
of the nation’s large electronic 
organizations, are now creating a 
number of new openings in an 
important phase of operations. 


Here is 

what one of 
these 

positions offers 
you 


OUR COMPANY 
located in Southern California, is presently 
engaged in the development of advanced 
radar devices, electronic computers and 
guided missiles. 


THESE NEW POSITIONS 
are for men who will serve as technical ad- 
visors to the companies and government 
agencies purchasing Hughes equipment. 


YOU WILL BE TRAINED 
(at full pay) in our Laboratories for several 
months until you are thoroughly familiar 
with the equipment that you will later help 
the Services to understand and properly 
employ. 

AFTER TRAINING 
you may (1) remain with the Laboratories 
in Southern California in an instruction or 
administrative capacity, (2) become the 
Hughes representative at a company where 
our equipment is being installed, or (3) be 
the Hughes representative at a military base 
in this country—or overseas (single men 
only). Adequate traveling allowances are 
given, and married men keep their families 
with them at all times. 

YOUR FUTURE 
in the expanding electronics field will be 
enhanced by the all-around experience 
gained. As the employment of commercial 
electronic systems increases, you will find 
this training in the most advanced tech- 
niques extremely valuable. 


How 

to 

apply 

If you are under 35 years of age 
and have an E.E. or Physics 


degree and an interest or 
experience in radar or electronics, 


write 


to HUGHES 


RESEARCH AND DEVELOPMENT 
LABORATORIES 


Scientific and Engineering Staff 


Culver City, 
Los Angeles County, California 


r 

| 
H Assurance is required that the relocation of the | 
H applicant will not cause the disruption of an | 
urgent military project. | 
= 
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Join the 
Sabre Builders 


North American 
Aviation, Inc. 


Engineers 


Insure your future with North 
American Aviation. The Engi- 
neering Department has chal- 
lenging openings for engineers 
with aircraft experience, for 
recent grads... for men from 
other fields with adaptable 
experience. Twenty-five years 
of engineering vision and ex- 
pansion and long term military 
projects secure your future. 
Openings now in: 

SYSTEM DESIGN ¢ ACTUATORS 
CIRCUIT DEVELOPMENT © COMPUTERS 
RADAR AND INSTRUMENT INSTALLATION 
DESIGN 
ELECTRICAL LOAD ANALYSES 


COMMUNICATION EQUIPMENT 
A.C. AND D.C. POWER SYSTEMS 


Liberal travel and moving allowances 
B. 


Write to 


Section 2, 
Engineering Personnel Office 
Los Angeles International Airport 
Los Angeles 45, California 
or 
Columbus 16, Ohio 


NORTH AMERICAN HAS BUILT MORE AIRPLANES 
THAN ANY OTHER COMPANY IN THE WORLD 
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Professional Engineering Directory 


Professional Engineering Directory Card1”x 2” 12 times $100.00 


Consult 
Z. H. POLACHEK 
Registered Patent Attorney 


1234 BROADWAY 
(At 31st St.) 


New York 1, N. Y. 


JACKSON & MORELAND 
ENGINEERS & CONSULTANTS 


Design and Supervision of Construction 
Reports—Examinations—Appraisals 
Machine Design—Technical Publications 


BOSTON NEW YORK 


BLACK & VEATCH 
Consulting Engineers 


Electricity—W ater—Sewage—Industry 
Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2,"Missouri 


PHONE 
Lo. 5-3088 


DeLEUW, CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 


Industrial Plants—Grade Separations 
Railroads—Subways—Expressways 
Tunnels—Power Plants—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, Ill. 
79 McAllister St., SAN FRANCISCO 2, Calif. 


FRANCIS W. RINGER 
Consulting Corrosion Engineer 


Cathodic protection and stray current control 
on buried and submerged metallic structures. 
Testing, design, and specifications for corro- 
sion mitigation. 


7 Hampden Ave, Narberth (Suburban Phila.), 
Phone 8-2863 Pennsylvania 


The KULJIAN Corporation 


ENGINEERS e CONSTRUCTORS 
CONSULTANTS 


POWER PLANT SPECIALISTS 
Utility e Industrial ¢ Chemical 
1200 N. Broad St., Philadelphia 21, Pa. 


Electrical Testing 
Laboratories Inc. 
Electrical, mechanical, photometric, radio- 


Peter F. Loftus Corporation SANDERSON & PORTER 


Engineering and Architectural 
metric and chemical laboratories, rendering Coumiltants Sad Designers ENGINEERS 
testing, research and associated services, in- P AND 
cluding certification, inspections at factories First National Bank Bldg. CONSTRUCTORS 


Pittsburgh 22, Pennsylvania 
Cable Addres —‘LOFTUS—Pittsburgh”’ 


and field investigations. 


NEW YORK e CHICAGO e SAN FRANCISCO 
2 East End Avenue at 79th St., New York 21 


FREDERICK RESEARCH CORP. 
BETHESDA 14, MARYLAND 

Tel: Washington, D. C., OLiver 4-3229 
Research Studies, Evaluations, Specifications, 
Development, Engineering, Prototype Manu- 
facture, Technical Writing, Drafting, Art Work 
Offset Printing—In fields related to Elec- 
tronics Test Equipment, Radio Interference, 
VHF-UHF Tuners and Circuits, Missiles, 
Electromechanical Systems and Components. 


N. A. LOUGEE & COMPANY 


Engineers and Consultants 
REPORTS—APPRAISALS—DEPRECIATION 


STUDIES—RATE CASES—BUSINESS 
AND ECONOMIC STUDIES 


120 Broadway New York 


SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 


MEASUREMENTS CORP. 


RESEARCH & MANUFACTURING 
ENGINEERS 


STANLEY B. HARE CO. 


Consulting Engineers 


SKINNER, HARLAN AND IRELAND 
INCORPORATED 


Electrical Design 
Commercial and Special Motors 


1828 Glendale Boulevard 
LOS ANGELES 26, CALIF. 


Harry W. Houck Jerry B. Minter 
John M. van Beuren 


Specialists in the Design and 
Development of Electronic Test Instruments 


Boonton, N. J. 


Specializing in Magnetic Materials 
and Their Application 


Office and Laboratory Indianapolis 7, Ind. 


MECHANICAL-MANAGEMENT-ELECTRONIC 
PROCESS - DESIGN - QUALITY CONTROL 
INVESTIGATIONS - APPRAISALS - REPORTS 


JOHN I. THOMPSON & CO. 


ENGINEERS 


921-17th St., N.W., Washington 6, D.C. 
LABORATORY DIVISION: BELLEFONTE, PA. 


HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 


Design, Development and Manufacture 
of Transformers, Chokes Etc, 


or the 
Electronic, Industrial and Allied Fields 


Main & Urban, Westbury, L. I., N. Y. 
WE-7-2933 


MINER and MINER 


Consulting Engineers 
Incorporated 


Greeley Colorado 


INTERNATIONAL 
ENGINEERING COMPANY, INC. 


Engineers 


PARAMETERS, INC. 
ENGINEERING RESEARCH 
AND DEVELOPMENT 


Precision Machinery Design 
Specializing in 


THE J. G. WHITE 


Engineering Corporation 


Investigations—Reports—Design 


Procurement—Field Engineering Design—Construction—Reports— 


Hydraulic Servos and i 
Domestic and Foreign Industrial Control Systems Appraisals 
%4 New Montgomery St., 195 Herricks Road, Garden City Park, New York 80 BROAD STREET NEW YORK 


San Francisco 5, Calif. Garden City 7-0155 
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They're made of 
Solid NYLON— 
light weight — 
strong —tough— 
easy to apply— 
no sharp edges— 
may be used from 
—60 to 250° F. 
—write for free 
samples and full 
information. 


Aaa te nl 


Ny Grip* 


CABLE CLIPS 


WECKESSER CO. 
5264 N. Avondale Av. 
Chicago 30, Ill. 


WORK ON THE FRONT LINE OF THE 


NATION’S VITAL DEFENSE PROGRAM. Sandia 
Corporation is engaged in the development 
and production of atomic weapons—a chal- 
lenging new field that offers opportunities in 


BIBLIOGRAPHY on ELECTRONIC 


LIVE IN ALBUQUERQUE, THE HEART OF 


& NJO W rnese OTHER IMPORTANT 


yak! Paaeessi oe ‘oe 


SANDIA BASE 


DECEMBER 1953 


research and development to men with Bach- 
elor’s or advanced degrees, with or without 
applicable experience. Here you can work 
with able colleagues, eminent consultants and 
superior facilities on advanced projects of high 
importance —- and also build a permanent 
career in a rapidly expanding field with a 
company that recognizes individual ability and 
initiative, 


THE SUNNY SOUTHWEST. Located in the his- 
toric Rio Grande Valley at the foot of the 
Sandia Mountains, mile-high Albuquerque is 
famous for its climate—mild, dry and sunny 
the year around. A modern, cosmopolitan 
city of 150,000, Albuquerque offers unique 
advantages as a place in which to live. Albu- 
querque's schools, churches, theaters, parks, 
and modern shopping facilities afford advan- 
tages of metropolitan life—yet hunting, fish- 
ing, skiing and a multitude of scenic and 
historic attractions may all be found within 
a few hours’ drive of the city. New residents 
have little difficulty in obtaining adequate 
housing. 


ADVANTAGES. These are permanent positions 

with Sandia Corporation, a subsidiary of the 

Western Electric Company, which operates 

Sandia Laboratory under contract with the 

Atomic Energy Commission. Working conditions 

are excellent and salaries are commensurate 
with qualifications. Liberal employee 
benefits include paid vacations, sickness 
benefits, group life insurance, and a 
contributory retirement plan. This is 
not a Civil Service appointment. 


go Application fo: 


Ti 


SAND 1A 


ALBUQUERQUE, NEW MEXICO 
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POWER CONVERTERS 


A compilation of considerable reference data on power 
rectifiers and inverters, published in chronological se- 
quence beginning with 1903. Items are arranged alpha- 
betically by the author's surname, and are further classi- 
fied according to text matter. Prepared by the Sub- 
committee on Papers and Speakers of the AIEE Electronic 
Power Converter Committee. 


Priced at $1.00 ($0.50 to AIEE members), publications S-35 
(February 1950) is available from the Order Department, 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS, 

33 West 39th Street, New York 18, N. Y. 12-53 


can be your library department. To your com- 
pany a trained staff and a fully equipped li- 
brary would be a valuable addition. Over 170, 
000 engineering texts, and files of every 
worth-while periodical are available for fur- 
ther research to meet your specific needs— 
patents, design, research, construction, and 
management problems. Charges cover only 
the cost of the service, and represent but a 
fraction of the value you will receive. 


The Engineering Societies Library 
33 West 39th Street, New York 18, N. Y. 
Mr. Ralph H. Phelps, Director 


Please send me information pamphlet, on services 
available, and their costs. 
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No. 2 in a Series Discussing Why ASU 4@Means 
Adequacy in Automatic Transfer Switches 


Why Your 
Automatic Transfer Switch 


Must Close Safely 
On Inrush Currents 


20 X Full Load Rating! 


On Tungsten Lamp Loads 


Current 
ee Sy, 
ye Ye 

May Be Almost 


20 X Normal 


Running Current 


1000 WATT LAMP 
CURRENT IN AMPERES 


NORMAL 
8.33A 


142.4A 


INITIAL SURGE 7 


and 
Current Drawn By A 
1000 Watt Lamp Load 


Time for Current to 


Reach Fall to 
Maximum Normal Does Not Return 
Value a To Normal For 


ASCO Automatic Transfer Switches are adequately designed 
for this service. ASCO Switches will close against inrush 
currents 20 times Switch rating. These ASCO Switches have 
the thermal capacity to carry not less than 20 times full load 
current for one second! Overall ‘’extra design’’, plus positive 
opening and closing permit this uniquely high current mak- 
ing capacity. This capacity prevents welding of contacts on 
high inrush current and insures proper switch operation. 
Smaller capacity switches will weld on high inrush currents, 
creating the hazard they were intended to eliminate— 
complete service outage. 


ASCO Transfer Switches transfer the connected load from 
normal to emergency supply when normal fails, or is sub- 
stantially reduced. Upon restoration of normal, the Switch 
will retransfer the load. ASCO Switches need not be derated: 


0.23 


Seconds! 


1. For Tungsten Lamp Loads 
2. When Enclosed in a Cabinet 
3. When Used for Continuous 24 Hour Duty 
The extensive ASCO line includes an Automatic Transfer 


Switch for every requirement — 10 to 1000 amperes — up 
to 750 Volt AC or DC. 


Automatic Switch Co. 


ORANGE, NEW JERSEY 


FOR FULL 
INFORMATION 


MAIL 
COUPON TODAY! 


AUTOMATIC SWITCH CO. 385-E Lakeside Avenue, Orange, N. J. 


Please send Free Booklet describing how to select an Automatic 
Transfer Switch. 


CANTRALS 


Name & Title 2 


Company. 


Address 


City 


90A 


State 
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Stoddart Aircraft Radio Co., Inc 
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United States Rubber Goes cc 5.cc ins. v5.0 sicmislujee « cuctelete 
United States Steel Co... cc. cssccccvceccccccveceve -56 A= 
Universal Clay Products Co., The. 
Uptegraff Manufacturing Co., R. E. 
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Victor Insulators, Inc 
Vitro Corporation of America....... ‘ 
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UTYL-MOLDED, WINDOW DESIGN. Butyl makes the | LOWER INSTALLATION COSTS. In replacing some con- : 
transformer attractive and easy to install; window makes ventional standard transformers (above: JKB-1) the JKP-0 
wiring easy. JKP-0 easily replaces standard Type JKB-2. eliminates need for crossarms, hanger connections, etc. 


NEW G-E CURRENT TRANSFORMER 
REPLACES 4 STANDARD MODELS 


‘OV ANCE CO: aa 2 RGA iprot | - RSATILITY. | Because it re laces 
4 ER MAINTENANCE COSTS. The JKP-0 will not INDOOR-OUTDOOR VE . Pp 

aan breakage is reduced, no painting is needed—due to many other types, the JIKP-0 cuts stock and inventory costs. 
yutyl construction. Above: JKP-0 replaces G-E Type JL-1. Here the butyl-molded JKP-0 replaces the Type JKR-1. 


. (604-36) 
Write or call your nearest G-E Apparatus Sales Office, or authorized agent or 
distributor. Ask for Bulletin GEA-5874. General Electric Co., Schenectady 5, N. Y. 


GENERAL G@ ELECTRIC 


Cole Elechric Ca. 


8439 Steller Drive TExas 0-4701 


AIR BREAK DISCONNECTING SWITCH 
115,000 Volts—600 Amperes—Type PU 
Horizontal Mounting—Three Pole—Center Side Break—Group Operated 
SILVER TO SILVER CONTACTS 


One Pole Shown 
See Bulletin 40A 
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accurate VHF and UHF 


Transmitting Antenna 


4 


874-QU3 Adaptor . . . now enables direct 
connection of any G-R Coaxial Equipment 
to the antenna system for measurements 
at the operating frequency. It is a tapered 
unit fitted with a G-R Type 874 Connector 
at the small end; the other endis equipped 
with standard flanges for connection to 
50-ohm u-h-f transmission lines. Electri- 
cal characteristics are excellent. 


Price $87 


Measurements 


G-R now makes available a completely integrated system for measuring the ele 
trical uniformity of t-v transmittimg antennas. With this system, VSWR a1 
impedance of v-h-f and u-h-f antennas can be determined with ease and to t. 
high degree of accuracy required for the most exacting applications. Antenna man 
facturers can cut testing time. Every chief engineer can now periodically che 
for reflections in his antenna system to insure proper operation. 


This equipment is compact, lightweight, and has superior electrical characte 


A typical example of the use o: 
coaxial measuring equipmen 
determining TV antenna char: 
istics. VSWR and impedance n 
urements are made rapidly 
_ accurately with these units o 

G-R integrated line of VHF and 

instruments. | 


istics — it is easily operated and completely reliable in operation. 


The heart of the system is the versatile 
G-R Type 1602-B Admittance Meter...a 
direct-reading null device, which can be used 
to match a load to a line, to compare directly 
the impedance of one component or line to 
that of another, and to measure impedance 
or VSWR. Its scales are direct reading; they 
are independent of both frequency and cali- 
bration of the detector. 


Two G-R Unit Oscillators, with wide- 
range “butterfly” tuning units and double- 
shielded construction, provide more than 
adequate power for sensitive measurements. 
The new Type 1216-A 30 Mc I-F Amplifier 
(with built-in attenuator) is used as the 
detector. This unit, designed specifically for 
uhf work, has a gain of 90 db and a 34 Mc 
bandwidth. The amplifier power supply also 
furnishes power for the local oscillator. 


A new and important development whi 
completes the link between measuring sy) 
tem and t-v transmission line is the recent 
announced G-R antenna adaptor. This p! 
cision-tooled unit is available in two tyfy 
... the Type 874-QV2A which couples fre 
the Type 874 connector to the standa 
15 inch, 51.5 ohm v-h-f transmission line . 
and the Type 874-QU3, which couples to t 
3% inch, 50.0 ohm u-h-f line. These elemer 
are silver-plated for minimum loss and ha 
excellent electrical characteristics ... VSW 
of the Type 874-QV2A is less than 1.02 ov 
the complete v-h-f range when used with t 
Admittance Meter... VSWR of the Ty 
874-QU3 is better than 1.03 to 900 Mc. 


Write in for more complete information. 


Admittance Meters %x Coaxial Elements % Decade Capacitors 
4 Decade Inductors x Decade Resistors vx Distortion 
Meters vx Frequency Meters ¥ Frequency Standards vx 
Impedance Bridges % Modulation Meters * Oscillators 
Variacs tx Light Meters % Megohmmeters % Motor Controls 


Noise Meters vx Null Detectors ¥x Precision Capacitors 
a re ge ag te CUenhnennnes ve Wave futers 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S. A. 


90 West St. NEW YORK 6 920 S, Michigan Ave. CHICAGO 5 1000 N. st. LOS ANGELES 38 


10,000 HOURS — 


For dependable service in Industrial, Aircraft, and Military Equipment 


RCA-5690 is your answer for a “long- 
life” rectifier designed especially for 
industrial and aircraft applications. 
The tube is conservatively rated to take 
a peak inverse plate voltage up to a 
maximum of 1120 volts, a peak plate 
current up to 375 ma per plate, and an 
average plate current up to 75 ma per 
plate. Operating at maximum rated 
voltages, RCA-5690 will withstand a 
continuous vibration of 2.5 g at a fre- 
quency of 25 cps for hundreds of hours 
—and impact accelerations of 500 g for 
short periods. 


In this tube each rectifier unit has its 


own heater and cathode—with separate 
base terminals for each. The heaters 
can be operated in parallel from a 
6.3-volt supply—or in series from a 
12.6-volt supply. Unique tube base de- 
sign provides exceptionally high resist- 
ance to leakage between base pins and 
minimizes arc-over at high altitudes 
(you can operate the RCA-5690 at full 
ratings up to 40,000 feet). 

For rectifier applications where 
10,000-hour life and extreme dependa- 
bility are paramount, specify RCA- 
5690’s—and be secure. Get technical 
data from RCA, Commercial Engineer- 


ing, Section 39LR, Harrison, N. J. Or call 
your nearest RCA Field Office: 


(EAST) Humboldt 5-3900 

415 S. 5th St., Harrison, N. J. 
(MIDWEST ) Whitehall 4-2900 

589 E. Illinois St., Chicago, Ill. 
(WEST) Madison 9-3671 

420 S. San Pedro St., Los Angeles, Cal. 


Other RCA “Special Red’’ Tubes 
(Minimum life—10,000 hours) 


RCA-5691 RCA-5693 RCA-5692 
High-Mu Sharp-Cutoff Medium-Mu 
Twin Triode Pentode Twin Triode 


RADIO CORPORATION of AMERICA 


ELECTRON TUBES 


® 


HARRISON. N.J. 


